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^ (54) Title: INDUCIBLE PLASMID VECTOR ENCODING TGF-p AND USES THEREOF 
O 

(57) Abstract: The present invention provides alternatives to traditional drug and surgical treatments for IBD. In particular, the 
1^ present invention provides compositions and methods for the treatment of autoimmune diseases such as IBD in humans using TGF-P 
^ therapy. The compositions of the present invention provide vectors containing TGF-p under the control of an inducible promoter. 
JlJ In particularly preferred embodiments, the present invention provides regulated plasmid constructs capable of inducing TGF-p 
® duction. In prefeired embodiments, the methods of the present invention utilize the vectors desoibed for assaying the expression 
O of a gene in a cell. In some preferred embodiments, the methods of the present invention utiUze Uie administiation of TGF-p con- 
^ taining vectors to treat IBD. In alternative preferred embodiments, die present invention provides methods and compositions for die 
^ induction of high-level interleukin (e.g., IL-10) production. 
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INDUCIBLE PLASMID VECTOR ENCODING TGF-i5 AND USES TBXREOF 
The present ^plication claims priorit/ to U.S. Provisional Patent ^plication 
Serial No. 60/199,041, ffled on April 20, 2000. 

5 FIELD OF THE INVENTION 

The present invention provides compositions comprising nucleic acid constructs 
encoding TGF-p for the treatment of autoimmune diseases (e.g., inflammatory bowel 
disease). Furfliermore, the invention provides methods for the iise of these compositions 
for the treatment of inflammatory bowel disease* In particularly preferred embodiments, 
10 the present invention provides regulated plasmid constructs c£q[>able of mducing TGF-P 

production. 

BACKGROUND OF TBDE INVENTION 

The immune syst^ serves to protect the host from invasion by foreign organisms 
15 by distmguishing "self* from "nonself." Wh» the immune sj^em recognizes host 

antigens (autoantigens) as foreign, autoimmune disease results, causing tissue destruction 
and functional impairment (See, e,g, Tlaskalova-Hogenova, et aly Folia Microbiol., 
43:545-550 [1998]). One example of an autoimmune disease is Inflammatory Bowel 
Disease ("fflD"). 

20 IBD is defined by chronic, rel^sing intestinal inflammation of obscure origin. 

IBD includes two distinct disorders, namely, Crohn's disease and ulcerative colitis (UC). 
Both diseases q>pear to result from the unrestramed activation of an inflammatory 
response in the intestine. This inflammatory cascade is thougbt to be peipetuated 
through the actions of promflammatory cytokines and activation of selective lymphocyte 

25 subsets. In patients with IBD, ulcers and inflammation of the inner lining of the intestines 

lead to such symptoms as abdominal pain, diarrhea, and rectal bleeding. Ulcerative 
colitis occurs in the large intestine, while in Crohn's disease, the disease can involve the 
entire gastrointestinal (GI) tract as well as the small and large intestines. For most 
patients, IBD is a chronic condition with symptoms lasting for months to years. It is 

30 most common in young adults, but can occur at any age. It is found worldwide, but is 

most common in industrialized countries such as the United States, England, and northern 
Eurq>e. The chnical symptoms of IBD are intermittent rectal bleeding, cranky 
abdominal pam, weight loss and diarrhea. Diagnosis of IBD is often based on the 
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cMcal symptoms and/or the use of a barium enema, but direct visualization 
(sigmoidoscopy or colonoscopy) is the most accurate test. Protracted IBD is a risk fector 
for colon cancer, and treatment of DBD can involve medications and surgery. 

Some patients with UC only have disease m the rectum (proctitis). OthCTS with 

5 UC have disease limited to the rectum and the adjacent left colon (proctosigmoiditis). 

Yet others have UC of the entire colon (universal BD), Symptoms of UC are gaierally 
more severe witii more extensive disease (e.^., where a larger portion of ttie colon is 
mvolved with disease). 

The prognosis for patients with disease limited to the rectum (proctitis) or UC 

10 limited to the end of flie left colon (jproctosigmoiditis) is better than lhat of patients 

whose disease affects the entire coloiL Brief periodic treatments usfaig oral medications 
or enemas may be sufiScient In those with more extensive disease^ blood loss fiom the 
mflamed intestines can lead to anemia, and may require treatment with non supplements 
or even blood transfiisions. Rarely, when the inflammation becomes very severe, the 

15 colon can acutely dilate to a large size. This condition is called noxic megacolon." 

Patients with toxic megacolon are extremely ill with fever, abdominal pain and 
distention, dehydration, and mahiutrition. Unless the patient improves r^idly with 
medication, surgery is usually necessary to prevent colon rupture. 

Crohn's disease can occur in all regions of the gastrointestinal tract Intestinal 

20 obstruction due to inflammation and fibrosis occurs in a large number of patients. 

Abscesses and fistula formation are fi*equent complications of Crohn's disease. Disease 
progression consequences include intravenous feeding, surgery and colostomy. 

Colon cancer is a known complication of chronic IBD. It is increasingly common 
in those patients who have had ©rtensive IBD over many years. The risk for cancer 

25 begins to rise significantly after eigjit to ten years of IBD. 

Several treatments exist for IBD, including medication, nutritional therapy, and 
surgery {See eg., Evans and QcUtiia, The Practitioner, 243:307-314 [1999]; Rampton, 
Brit Med J., 319:1480-5 [1999]; and Stem and Hanauer, Gastroenterol. CSin., 28: 297- 
321 [1999]). Patients who wish to avoid corticosteroids (especially children) are often 

30 treated with a liquid formula diet The diet is given as the only nutritional source for 4-6 

weeks. However, the usefulness of dietary treatment is limited by the expense of 
formulations and the higih rate of relapse following discontinuation. 
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The most commonly used medications to treat IBD are anti-inflammatory drags 
such as Ihe salicylates. Examples of salicylates include sulfasalazine, and the new^ drug 
mesalazine. Mesalazme is given orally in high doses for nuDdmal therapeutic benefit 
The salicylate preparations have been effective in treating mild to moderate disease. 
5 However, these drugs, including newer medications such as mesalazine are not without 

side effects such as headache, nausea, diarrhea, pancreatitis, as well as blood dyscrasias 
and interstitial nephritis in some patients. Nonetheless, these drugs can also decrease the 
frequency of disease flares when the medications are taken on a prolonged basis. 
However, a four month course of high dose mesalazme induced rmiission in only 40% 
10 of patients with mildly active Crohn's disease (Elampton, Biit Med. J., 319:1480-5 

[1999]). 

Corticosteroids are more potent and faster-acting than salicylates in the treatment 
of IBD, but potentially serious side effects limit the use of corticosteroids to these 
patients with more severe disease. Side effects of corticosteroids usually occur with long 
IS term use. They include thinning of the bone and skm, infections, diabetes, muscle 

wasting, rounding of faces, psychiatric disturbances, and, on rare occasions, destruction 
of hip joints. 

In IBD patients that do not respond to salicylates or corticost^oids, medications 
that suppress the immune system are used. Examples of immunosuppressants include 
20 azathioprine and 6-mercaptopurine. Immunosuppressants used in this situation help to 

control IBD and allow gradual reduction or elimination of corticosteroids. However, 
mimunosuppressants render the patient immuno-compromised and susceptible to many 
other diseases. 

Patients who fail to respond to dietary or drug therapy require surgical resection. 

25 However, surgery is often not curative and 50% of patients require additional surgery. 

There remains a great need for agents capable of preventing and treating IBD. In 
particular, agents suitable for adntunistration in a cost-effective and timely feshion, with a 
minimum of adverse side effects are needed. The present mvoition, as described below, 
provides treatments for IBD that solve many of the problems of the currentiy available 

30 treatments. 
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DESCRIFnON OF THE FIGURES 

Figure 1 shows the sequence of SEQ ID N0:1 used in some embodiments of ttie 
present invention. SEQ ID N0:2 (ie., the amino acid sequence) is also shown. 

Figure 2 shows the plasmid vector pCMV-TGF-pi used in some embodiments of 
the present invention. 

Figure 3, Panel A shows the plasmid vector pTet-CMV-TGF-pl {ie., pTet-on- 
TGF-pi) used in some embodiments of the present invention, while Panel B shows the 
results of Western blot analysis of C0S7 cells transfected witti pTet-CMV-TGF-pl or 
mock pTet-on. 

Figure 4 shows the wei^t changes of mice following treatment wifli pCMV-TGF- 
pi for seven days post-treatment in one embodhnent of the present invention, as well as 
untreated mice with TNBS-induced colitis. 

Figure 5 shows the rate of survival of mice following treatment with pCMV-TGF- 
pi for seven days post-treatment in one embodiment of the present invention. 

Figure 6 shows the weight of mice with TNBS colitis following treatment with 
intranasal pCMV-TGF-pi and rTGF-pi in one embodiment of the present invention. 

Figure 7 shows levels of cytokine secretion by colonic lamina propria T-cells of 
the mice in one embodiment of the presait invention. 

Figure 8 provides a graph showing the weight of mice measured over time, 
following treatment with pTet-on-TGF-pl in one embodiment of the present inv^tion. 

Figure 9 shows levels of TGF-pl secretion by colonic lamina propria T-cells of 
mice in one embodimeait of Ihe present invention. 

Figure 10 shows ttie tigjht control and large amount of active TGF-pi produced 
by spleen mononuclear cells after mtranasal administration of pTet-CMV-TGF-pl m 
SJL/J mice with TNBS colitis. 

Figure 11 shows the eflfects of interrupted doxycycline administration on TGF-pi 

production. 

Figure 12 provides results showmg that the intranasal admmistration of pTet- 
CMV-TGF-pl abrogates established TNBS-colitis m SJL/L mice witii concomitant 
doxycycliae treatment. 

Figure 13 provides results showing the lung collagen content of mice treated with 
pTet-CMV-TGF"Pl, bleomycin, and/or doxycycline. 
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SUMAIARY OF THE INVENTION 

The present inveation provides compositions comprising nucleic add constructs 
encoding transforming growth &ctor beta (ie., "TGF-P") for the tteatmrat of 
autoimmune diseases (e,g., inflammatory bowel disease). In particularly preferred 
5 embodiments, constructs comprisiag TGF-pi are used. Furthermore, the invention 

provides methods for the use of these compositions for the treatment of inflammatory 
bowel disease. In particularly preferred embodiments, the present invention provides 
regulated plasmid constructs capable of inducing TGF-p production. In further 
particularly preferred ^bodiments, the present invention provides regulated plasmid 

10 constructs enable of inducing TGF-pl production. The present invention further 

provides methods and compositions for the induction of high-level KrlO responses, 
Iherchy providing improved means for down-regulating inflammation. In addition, the 
present invention provides conq>ositions and methods to induce TGF-P (e.g., TGF-pi) 
production without concomitant induction of fibrosis. Indeed, the present invmtion 

IS provides means to block fibrosis, such as that induced by bleomycin, a well-known 

fibrosis-inducing agent 

The present invention provides composition comprising a vector, wherein the 
vector furfhCT comprises a gene encoding a regulatory transcription factor which is under 
the control of a first promoter, and a nucleic acid sequence of SEQ ID N0:1 which is 

20 under the control of a second promoter which is inducible. In some embodiments, the 

first promoter comprises a CMV promoter. In yet other embodiments, the second, 
mducible promoter comprises a TRE-CMV promoter. The present invention also 
conqmses a cell transfected with the vector described herem. 

The present invention also provides vectors wherein the vectors further comprise a 

25 gene encoding a regulatory transcription factor which is under the control of a first 

promoter, and a nucleic add sequence selected fix)m the group consisting of SEQ ID 
N0:1, variants of SEQ ID N0:1, and homologs of SEQ ID N0:1, whorem the nucleic 
acid is under the control of a second, inducible promoter. In some embodiments, flie 
first promoter comprises a CMV promoter. In other embodiments, the second, inducible 

30 promoter comprises a TRE-CMV promoter. The present invention also comprises a cell 

transfected with the vector described herein. 

The present invention fiirther provides methods for expression of a polyp^tide 
comprising: a) providmg: a vector comprising a gene encoding a regulatory transcription 
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factor which is under the control of a first promoter, and a nucleic add sequence selected 
from the group consisting of SBQ ID N0:1, variants of SBQ ID N0:1, and homologs of 
SEQ ID N0:1, wherein the nucleic acid sequence is under the control of a second, 
inducible promoter, and a cell; and b) transfecting the cell with the vector under 

5 conditions suph that expression of the polypeptide encoded by tiiie nucleic acid sequence 

results. In some embodiments, the first promoter comprises a CMV promoter. In other 
embodiments, the second inducible promoter conpises a TRE-CMV promoter. In yet 
another embodiment, the cell is part of a host 

The present invention also provides a method for e>q)ression of a polypeptide 

10 comprising: a) providuig a vector comprismg a gene encoding a regulatory transcription 

factor which is under the control of a first promoter, and a nucleic add sequence selected 
from the group consisting of SEQ ID N0:1, variants of SEQ ID N0:1, and homologs of 
SEQ ID N0:1, wherein the nucldc add sequence is under the control of a second 
inducible promoter; a host; and a delivery system; and b) delivermg the vector to the 

15 host using the delivery system under conditions such that expression of flie polypq)tide 

encoded by the nucleic acid sequence results. In some embodiments, the first promoter 
comprises a CMV promoter. In other embodiment, the second indudble promoter 
comprises a TRE-CMV promoter. In still other embodhnents, the delivery system 
comprises intranasal administration. In yet other embodiments, the host is suspected of 

20 having an autoimmune disease. In some embodiments, the autoimmune disease is IBD. 

In other embodiments, the delivery of the vector results in substantial elimination of * 
symptoms of the autoimmune disease. 

The preset invention also provides compositions comprismg a vector, wherein 
tiie vector fijrfher comprises a gene encodmg a regulatory transcription factor under the 

25 control of a first promoter, and a gene encoding a TGF-p polypeptide under the control 

of a second promoter, wherem the second promoter is indudble. In some anbodunents, 
tiie second promoter comprises a TRE-CMV promoter. In still other variations of this 
embodiment, the present invention pn)vides a host ceU which contains tfiisve^ In yet 
further embodiments, the transforming growth factor beta polypeptide is selected fit>m 

30 the group consisting of TGF-pi, TGF-p2, TGF-p3, variants of TGF-pi, TGF-p2, and 

TGF-P3, and homologs of TGF-pi, TGF-P2, and TGF-p3. In variations of this 
embodiment, the second promoter comprises a TRE-CMV promoter. In still otiier 
variations of this embodiment, the present invention provides a host cell which contams 
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this vector. In yet other embodiments, ttie gene encoding a TGF-P polypeptide encodes a 
variant of TGF-pl, and has the nucleic acid sequence set forth in SBQ ID N0:1. In 
variations of this embodiment the second promoter comprises a TRE-CMV promoter. In 
still other variations of this embodiment, the present invmtion provides a host cell i^ch 
S contains this vector. 

The present invention also provides methods for the expression of a polypeptide 
encoding a TGF-p polypeptide comprising the steps of providing a vector, wherein the 
vector comprises a gene encoding a regulatory transcription factor under the control of a 
first promoter, and a gen& encoding a TGF-p polypeptide under tibie control of a second 

10 promoter, wherein the second promoter is inducible, a host, and a deliveiy system; and 

delivering the vector to the host using the delivery system under conditions such that 
esqpression of the gene encoding a TGF-p polypeptide occurs. In some embodiments, the 
second promoter conq)rises a TRE-CMV promoter. In other embodiments, the gene 
encoding a TGF-p polypeptide encodes a variant of TGF-pi, and has the nucleic add 

15 sequence set forth in SEQ ID N0:1. In still fiirtha: embodiments, the TGF-P 

polypeptide is selected &om the groi^ consisting of TGF-pi, TGF-P2, TGF-PS, variants 
of TGF-pi, TGF-P2, and TGF-p3, and homologs of TGF-pi, TGF-p2, and TGF-p3. In 
variations of these mibodiments, the second promoter comprises a TRE-CMV promoter. 
In still other variations of these embodiments, the gene encoding a TGF-p polypeptide 

20 encodes a variant of TGF-pl and has the nucleic acid sequence set forth in SEQ ID 

N0:1. In yet other variations of the embodnnents in which the gene encoding a TGF-p 
polypeptide encodes a variant of TGF-pl, and has flie nucleic acid sequence set forfli in 
SEQ ID N0;1, the second promoter conqirises a TRE-CMV promoter. 

25 DEFINmONS 

To £acilitate an understanding of the present invention, a number of terms and 
phrases are defined below: 

As used herem, the term "nucleic acid sequence" rofers to an oligonucleotide or 
polynucleotide, and fiiagments or portions ftereof, and to DNA or RNA of genomic or 
30 synthetic origin that may be single- or double-stranded, and represent the sense or 

antisense strand The tenn encompasses sequences that include any of the known base 
analogues of DNA and RNA. 
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As used herein, the term "promoter" refers to short atr^ of DNA sequmces that 
interact specifically with ceUular protdns involved in transcription ^toiiatis et al. 
Science 236:1237 [1987]). Promoter elements have been isolated fi-om a variety of 
prokaryotic, eukaryotic, and viral sources. The selection of a particular promoter 
depends on what ceU type is to be used to express the protein of interest The term 
"inducible promoter" refers to a promoter elranait fliat is activated by a specific 
compound doxycycline). 

As used herein, the term "gene" refers to a nucleic add DNA) sequence that 
comprises coding sequences necessary for fbe production of a polypeptide or precursor 
{e.g.. TGF-P). lbs polypeptide can be encoded by a fiiU length coding sequence or by 
any portion of the coding sequence so long as the desired activity or functional properties 
(e.g., therapeutic action, ligand bmding, signal transduction, etc.) of &e fiill-lenglh 
polypeptide or polypeptide fi:agment are retained. The term "gene" encompasses both 
cDNA and genomic forms of a gene. 

As used herein, Ihe term "vector" is used in reference to nucleic acid molecule 
that transfer DNA segment(s) from one cell to another. The term "vehicle" is sometimes 
used interchangeably with "vector." Vectors are often derived from plasmids, 
bacteriophages, or plant or animal viruses. 

As used herein, the term "expression" refers to the transcription and translation of 
a gene. Sudi transcription and translation may be in vivo or in vitro. 

As used horein, the term "high level of e3q)ression" refers to the expression of a 
gene, such that the gene product is produced at a 2 to 10-fold greater level of TGF-p or 
ILrlO, by cell populations than is observed following "phyaologjcal induction of TGF-P 
or lL-10," such as that mdaced by feeding antigen and eliciting oral tolerance, hi 
particularly preferred embodiments, the TGF-P produced at high levels of expression is 
TGF-pl. 

The term "transfection" as used herem refisrs to the introduction of foreign DNA 
into eukaryotic cells. Transfection may be accomplished by a variety of means known to 
the art including but not limited to calcium phoq)hate-DNA co-precipitation, DEAE- 
dextran-mediated transfection, polybrene-mediated transfection, electroporation, 
microinjection, Uposome fiision, Upofection, protoplast fusion, retix)viral infection, and 
biolistics. 
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As used herem, the term "synq)toms of IBD" refers to £fynq)toins associated with 
IBD, including, but not limited to abdominal pain, diarrhea, rectal bleeding, wei^t loss» 
fever, loss of appetite, and other more serious conoplications, such as dehydration, anemia 
and mahiutrition. A number of such symptoms are subject to quantitative analysis (e.g., 
5 weigjit loss, fever, anemia, etc.). Some symptoms are readily determined from a blood 

test (eg., anemia) or a test that detects the presence of blood (e.g., rectal bleeding). 

The phrase "substantial elimination of said symptoms" refers to a qualitative or 
quantitative reduction in detectable symptoms (eg,, "symptoms of IBD"), including but 
not limited to a detectable impact on the rate of recovery from disease (eg., rate of 
10 weight gain)* 

As used herein, the term "host" refers to anythmg fliat can be "transfected" with a 
"vector*" Said host may be a single cell, a tissue, an organ, or an entire organism. For 
example, a "host" may include, but is not limited to, a cell (e.g., a T-cell), a mouse or a 
human. 

15 As used herein, the tOTn "delivery system" refers to a method of delivering a 

"vector" to a host (e.g., "mtranasal administration"). As used herein, the term "intranasal 
administration" refers to a "delivery system" wherein the "vector" is administered by 
placing it in the intranasal area of the "host" (e.g., by use of a nasal qjray or a 
nebulizer). The vector may be administered alone or in an aqueous suspension 

20 containing, but not limited to water, buffer, salts, sodium carboxymethylcellulose, 

sorbitol and/or dextran. The suspension may also contain stabilizers. 

As used herein, the term "homolog" refers to an amino acid sequence that eidiibits 
greater than or equal to 50% homology (identity) with a specific amino acid sequence 
{e.g., SEQ ID N0:1), In some embodiments, tiie homology is greater than 60%. In 

25 preferred embodiments, the homology is greats than 70%. In still other embodiments, 

the homology is greater than 80%. For example, the teim encompasses (but is not 
limited to) ttie TGF-p sequences set forth in Tables 1-4, herem. 

As used hereui, the term "variant," when referring to a "variant" of TGF-p or 
"variant" of an TGF-P homolog is dejSned as a nucleotide sequence that differs in 

30 sequence from SEQ ID N0:1 or an TGF-p homolog (e.g, by having deletions, 

insertions, and substitutions that may be detected using hybridization assays). For 
example, the term encompasses (but is not limited to) the TGF-p sequences set forth in 
Tables 1-4, herein. 
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As used hwein, the tenn "san^le" is used in its broadest sense. In one sense it 
can refer to a tissue san^le. In mo&er sense, it is meant to include a q>ecimai or 
culture obtained from any source, as well as biologicaL Biological san^les may be 
obtained from animals (including humans) and encompass fluids, solids, tissues, and 
gases. Biological samples include, but are not limited to blood products, such as plasma, 
sCTum and the like. These examples are not to be construed as hmiting the sanple types 
qjpHcable to the present invoition. 

GENERAL DESCMPTION OF THE INVENTION 

The present invention provides conQ)ositiaDS oonqnrising nucleic acid constructs 
CTcoding TGF-p for the treatment of autoimmune diseases (e.g., mflammatory bowel 
disease). Furthermore, the invention provides methods for the use of &ese compositions 
for file treatment of inflammatory bowd disease. In particularly preferred embodiments, 
the presMit invention provides regulated plasmid conshucts enable of ii^ucing TGF-P 
production, hi alternative particularly preferred embodhneuts, the presort invention 
provides regulated plasmid constructs capable of inducmg TGF-pi production. 

In preferred embodunents, the present invention provides compoations and 
methods for the treatment of IBD. GenraaUy, the invention provides vectors and 
methods for tiie treatment of IBD. The present invention also provides methods for 
detecting expression of a gene, such as a reporter gene, from a promoter. The present 
invention also provides methods for assaying the effect of confounds on cell cytokme 
production m the presence of TGF-p. In some embodiments, the present invention 
provides novel inducible vectors providing the cytokine TGF-p for freafanait of IBD. 
The present invention also provides methods for treatment of autonmnune diseases (e.g., 
IBD) tiiat avoid the detrimental side effects of long term drug flierapies such as 
corticosteroids and immunosuppressants. 

Some anbodhnents of the present invention compnst vectors providing a gene 
and an inducible promoter. The gene may be a cytokine (e.g., TOT-P) or a reports gene 

P-galactosidase). In some embodhnente tihie vector contains a second gene (eg., 
rtTA). In some preferred embodiments, tiie vector comprises two promotes (eg., CMV 
and TRB-CMV). In some particularly preferred embodunents, the two promoters are 
arranged in opposite orientation. 
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In some embodiments, the compositions and me&ods of the present invention are 
directed towards measuring the compression of a gene (eg., p-galactosidase) in a host cell 
(e.g:, a T-cell). hi some embodiments, a cell expressing a gene (eg., TGF-p) is treated 
with compounds and the effects of the compounds on cell cytokine production is 
5 measured. In some embodiments, title expression of the gene (eg., TGF-p) is measured 

directly in tissues (eg., colon or spleen) using an immunoassay system (eg., 
immunofluorescence). Is some embodiments, expression of mRNA from the gene is 
measured directly by RT-POL 

In some embodiments, the conq>ositions and methods of the present invention are 

10 directed towards treatment of autoimmune disease (eg., IBD) using novel expression 

vectors. In some embodiments, the vector comprises a gene under the control of the 
inducible TRE-CMV promoter. Jji some prefenred embodiments, the vector of the 
present invention contains the gene for TGF-p, a <^kine involved in the control of 
autoimmune responses. The TRE-CMV promoter provides inducible control of tiie 

15 e)q)ression of TGF-P, allowing the expression of the gene to be controlled by 

administration of an antiimarobial. In other embodiments, the methods of the present 
invention comprise administration of tihie vector to an individual suffering ftom an 
autoimmime disease (eg., IBD). In some embodiments, administration is through a non- 
invasive nasal spray. Following administration, expression of TGF-p does not result 

20 until the inducer (i.e, an antimicrobial), is administered Expression can be stopped 

when the inducer is removed Induction of TGF-P e^qxression results in the substantial 
elimmation of symptoms of IBD. 

The compositions of the present invention provide a vector for tight, inducible 
regulation of the expression of a gene. In other embodiments, the con^ositiions and 

25 methods of the present invention provide an assay for the expressicm of a gene directly in 

the tissue where it is being expressed. The con[]positions and methods of the present 
invention solve many of the problems of the current treatmrats for IBD. In addition, the 
present invention has few of the side effects associated with conventional long term drug 
therapies. For example, the treatment with TGF-p can be stopped and started at will, 

30 preventing potential side effects of the long term use of drug therapies such as 

corticosteroids. The treatment of the current invention is a DNA vector, which is 
inexpensive to produce and administer, unlike current therapies. In addition, since 
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treatmmt is admimstered in a non-surgical» outpatient manner, the cost and complications 
of surgery are avoided, 

DETAILED DESCRIPTION OF THE INVENTION 

5 The present invention provides compositions comprising nucleic acid constructs 

encoding TGF-p for the treatment of autoimmune diseases (e.g., inflammatory bowel 
disease). Furtheraiore, the invention provides methods for the use of these compositions 
for the treatment of inflammatory bowel disease. In particularly preferred embodiments, 
flie present invention provides regulated plasmid constructs cqiable of inducing TGF-P 

10 production. 

In some embodiments, the present invention comprises vectors providing a gene 
and a promoter. In some preferred embodiments, the present invention conprises 
compositions and methods for detecting the eoqiression of a gene in a cell In some 
embodiments, the present invention comprises con^ositions for measuring the effect of a 

15 compound on cell cytokine production in the presmce of TGF-p. In othw embodiments, 

the invention provides compositions and methods for treatment of autoimmune diseases 
(e.g,, JED). The compositions of the present invention include vectors comprising the 
cytokine TGF-p and an inducible promoter. The methods of the present invention 
comprise transfecting a cell with the vectors. In particularly preferred embodimaits, the 

20 cell may be part of a host exhibiting symptoms of IBD. In preferred embodiments, 

administration of the vector results in substantial elimination of the symptoms of IBD. 

L Cytokines and Autoimmune Disease 

The present invention compositions and methods for ttie use of the cytokine TGF- 

25 p for the treatment of autoimmune disease, for exanqale, IBD. Cytokmes are part of the 

complex regulatory circuit that controls autoimmune responses. TGF-p influences 
growth and difG^entiation of precursors for multiple hematopoietic lineages, the 
proliferation and migration of mature immune cells mto sites of injury or response, and 
even the suppression of such reqionses once they have been established (Letterio and 

30 Roberts, Clin. Immunol Immunopath., 84: 244-250 [1997]). It is the suppression of 

autoimmune responses that is the most relevant to the present invention. Although an 
understanding of the mechanisms involved in immune response suppression and 
activation are not necessary in ord^ to use the present invention, it is believed that 
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TGF-p regulates immune responses by suppressing autoreactive T-ceUs (Falcone and 
Sarvetnick, Cuir. Opin^ ImmunoL, 11:670-676 [1999]). 

TGF-P has been used as flierapy for autoimmune diseases. For example, a DNA 
vector containing TGF-p has been used as treatment for autoimmune diseases. Naked 
plasmid DNA vectors have the advantage of being maintained qpisomally for prolonged 
periods of time without incorporating into the genome. This is favorable, as integration 
of foreign DNA into the genome can lead to associated mutagenesis (Wolff, et aL, Hum. 
Mol. Genet, 1:363 [1992]). DNA encoding TGF-p administered mucosally to mice has 
heen shown to suppress an immunoinflammatoiy response to HSV infection (Kuklin et 
al, J. Clin. Invest., 102:438 [1998]). In addition, TGF-P containing vectors have been 
used to treat animal models of autoimmune diabetes, EAE, and mflammatoiy bowel 
diseases with positive results (See e.g., Prud'homme et a/., J. Autoimmunity, 14:23-42 
[2000]; and Giladi et al, E. J. Gastroenterol- HqiatoL, 7:341 [1995]). 

n. Vectors for Gene Expression 

In some embodiments, the present invention comprises vectors, wherem the 
vectors further comprise a gene of interest and a promoter(s). The present invention is 
not meant to be limited by the choice of promoter or gene. Indeed, genes and promoters 
other than those described h^rdn are contemplated by the present invention. 

A. Genes 

Li some ^bodiments, the gene encodes a reporter gene, (eg., P-galactosidase, 
GFP, CAT, or ludferase). lii some embodhnents, the reporter gene is used, for example, 
to measure, analyze, and/or detect expression patterns of certain vectors in cells, tissues, 
and hosts. In some embodimmts, the reporter gene is used to measure, detect, or analyze 
the level of conttx)! of an inducible promoter (eg:, the lack of expression in flie absence 
of the inducing agent) or to test the level of expression of a given promoter. 

In other CTibodiments, the gene encodes a protein involved in the regulation of 
autoimmune responses, for example, but not limited to, cytokines {See eg., Falcone and 
Sarvetnick, Curr Opinion Immunol, 11:670-676 [1999]). In some preferred 
embodiments, ttie gene mcodes TGF-p. The present invention is not limited to any one 
TGF-p g^e. Indeed, the present invention contemplates many different TGF-P genes. 
Some examples of TGF-p genes from a variety of organisms are given in Table 1, along 
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mfh protein data bank acccsdon numbeis. However, in prefeited embodim»fs, the gene 
encodes a mutant porcine TGF-pl that does not require activation (SEQ ID NO:l, shown 
in Figure 1) (See also, Samuel et al, EMBO I 11:1599-1605 [1992]). The TGF-pl of 
SEQ ID N0:1 is a mutant in which cystines at positions 223 and 225 have been replaced 

5 by serines. 

Still other embodiments of the present invention provide homologs, mutant, and 
variant fonns of TGF-p. Homologs of TGF-p include but are not limited to an amino 
acid sequence that exhibits greater than or equal to 50% homology (identity) with a 
specific amino acid sequence {e.g., SEQ ID N0:1). In some embodiments, the homology 

10 is greater than 60%. In some preferred embodiments, tiie homology is greater than 70%. 

In still other preferred embodunents, the homology is greater than 80%* 

It is possible to modify the structure of a peptide having an activity (e.g., cytokine 
activity) of TGF-p for such purposes as increased activation (eg:, lack of the need for 
post-translational activation) or increased cytokine activity (eg*., effect on IBD). Such 

15 modified peptides are conddered functional equivalents of pqitides having an activity of 

TGF-P as defined herein. A modified peptide can be produced in which the amino add 
sequence has been alt^^ed, such as by amino acid substitution, deletion, or addition. The 
assays described below provide metiiod for testing such modified TGF-p nucleic acids 
and polypeptides. 

20 Moreover, as described above, variant forms (e.g., mutants) of TGF-P are also 

contemplated as being equivalent to those peptides and DNA molecules that are set forth 
in more detail herein. For example, it is contenq)lated that isolated replacement of a 
leucine with an isoleucine or valine, an aspartate with a glutamate, a threonine with a 
serine, or a sunilar rq)lacement of an amino add with a structurally related amino add 

25 (/.&, conservative mutations) will not have a major effect on the biological activity of tiie 

resulting molecule. Accordingly, some ^bodiments of the present invention provide 
variants of TGF-p containing conservative rq>lacements. Conservative 
replacements are those that take place wifhiu a fiunily of amino adds tiiat are related in 
their side chains. Genetically encoded amino adds are can be divided into four families: 

30 (1) acidic (aspartate, glutamate); (2) basic (lysine, arginine, histidine); (3) nonpolar 

(alanine, valine, leucine, isoleucine, proline, phenylalanine, methionine, tryptophan); and 
(4) uncharged polar (glycine, asparagine, glutamine, cysteine, serine, threonine, tyrosine). 
Phenylalanine, tryptophan, and tyrosine are sometimes classified jointiy as aromatic 
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amino acids. In similar &shion, the amino acid repertoire can be grouped as (1) acidic 
(aspartate, glutamate); (2) basic (lysine, arginine, histidine), (3) aliphatic (glycine, 
alanine, valine, leucine, isoleucine, serine, threonine), with serine and threonine 
optionally be grouped separately as aliphatic-hydroxyl; (4) aromatic (phenylalanine, 
5 tyrosine, tryptophan); (5) amide (asparagine, glutamine); and (6) sulfur -contaimng 

(cysteine and methionine) {See eg., Stryer (ed.). Biochemistry^ pg. 17-21, 2nd ed, WH 
Freeman and Co. [1981]). Whether a change in the amino acid sequence of a peptide 
results in a fimctional variant can be readily determined by assessing the ability of the 
variant peptide to function in a fashion similar to the TGF-Ps described in the 
10 experimental section below. Peptides having more Aan one replacement can readily be 

tested in the same manner. 



Table 1 
TGF-/? Genes 









TGF-pi 


Sheqp 


146463; P50414; S45115; 
CAA54242; AAA51458 


TGF-pi 


Rabbit 


BAA36950 


TGF-pl 


Human 


WFHU2; P01137; 
CAA29283 


Tcap-pi 


Dog 


JC4023; P54831; 
AAD46993; AAA51458 


TGF-pl 


Rat 


S10219; P17246; 
AAD20222 


TGF-pl 


Chidcen 


S01413; P09531 


TGF-pl 


Mouse 


WFMS2; P04202; 
NP_035707 


TGF-pi 


Deer 


AAB052S6 


TOP-pi 


Carp 


AAF22573 


TGF-pl 


Kg 


P07200; AAA64616 


TOF-pl 


Horse 


019011; AAD49431; 
CAA67801 


TGF-pi 


Xenopus 


P16176 
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Table 1 
TGF-/3 Genes 









TGF-Pl 


Afiican greea monkey 


P09533 


TGF-pl 


Bovine 


irlo:>4l, AAAJU/ /o 


TGF-pl 


Hampster 


CAA42838 


TGF'fO.; short fonn 


TTiinifln 


A31249 


TGF-p2; long form 


Human 


B31249 


TCT-P2 


Human 


MP 003229; AAA61162; 
AAA50405; AAA50404 


TGF-P2 


Mouse 


■WFMSB2; 033393; 
P27090; CAA40672 


TGF-P2 


Kg 


P09858; AAB03850 


TGF-P2 


Rat 


Q07257; AAD24484; 

AAA OOCi A 

AAA88514 


TGF-P2 


Chickm 


P30371; CAA41101; 
A39489 


TGF-P2 


Deo: 


AAB05257 




Aenopus 




TGF-P2; short fonn 


Green Monkey 


WFMKB2 


TGF-P2 


Bovine 


A61439; P212'14 


TGF-P3 


Mouse 


A41397 


TGF-P3 


Chicken 


A34939; P16047; 
CAA41128; S36124 



B. Promoters 

20 The present invention comprises promoters for the egression of genes in cells. 

In some embodiments, genes are expressed in eukaryotic cells» while in less preferred 
embodiments gaies are expressed in prokaryotic cells. In particularly preferred 
embodiments, eukaryotic promoters are preferred However, it is not intended that the 
present invention be linuted to any one promote. Indeed, multiple promoters are 

25 contemplated. For example, promoters for suitable for use in the present invention for 

expression m eukaryotic cells include, but are not Umited to CMV, RSV, SV40, CAG, 



-16- 



wo 01/81404 PCTAJSOl/12980 

and SPl. In prefeired embodimeats, the cytomegalovirus (CNfV) piomoter is utilized. 
In some preferred embodiments, the CMV promoter is derived firom pCI (Promega Corp., 
Madison, Wl). The CMV immediat6-early enhancer^romoter region present in the pCI 
Vector allows for strong, constitutive expression in a variety of cell types. The 
5 promiscuous nature of the CMV enhancer/promoter has been demonstrated in traxisgenic 

mice, where expression of the chloramphenicol acetyltransferase (CAT) gene regulated by 
the CMV enhancer/promoter was observed in 24 of the 28 tissues examined (Gluzman, 
Cell 23: 175 [1981]) 

Eukaryotic promoter elements may also contain activator, regulatory and enhancer 
10 elements. These include, but are not limited to, poly adenylation ^gnals (e.g;, SV40 late 

polyadenylation signal), response elements (e.g.y TRE response element), and activators 
(e.g., rtTA). 

Polyadenylation signals terminate transcription by RNA polymerase II and cause 
the addition of approximately 200 to 250 adenosine residues to the 3'-end of the SNA 
15 transcript (Kozak, Proc. Natl. Acad. Sci. USA 83:2850 [1986]). Poly-adenylation has 

been shown to enhance RNA stability and translation (See, Kozak, Mol. Cell. BioL, 
9:5134 [1989]; and Rao et al, Mol. Cell. BioL, 8:284 [1988]). To facilitate efficient 
processing of cloned DNA inserts not containing polyadenylation signals, the SV40 late 
polyadenylation signal is positioned downstream from the gene of mterest. The SV40 
20 late polyadenylation signal is extremely efficient and has been shown to increase the 

steady-state level of RNA £q)proximately five-fold more than the SV40 early 
polyadenylation signal (Lmsky and Botchan, Nature 293:79 [1981]). 

The Tc-controlled transactivator (rtTA) encoded by pTet-Off (Oontech) is a 
fusion of the wild-^e TetR (tetracycline repressor protein) to the VP16 activation 
25 domain (AD) of herpes sunplex virus. The riTA, in combination with doxycycline, binds 

to the TRB element and activates transcription of the adjoining promoter (e.g., CMV). In 
some embodiments, one or more of these elements may be combined. 

In some illustrative examples of the present invention, a vector comprising one 
promoter is utilized. In these examples, a cytomegalovirus (CMV) promoter is utilized. 
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The CMV promoter controls the exptessioii of the gene of mterest (eg., TCT-P or p- 
galactosidase). In these examples, the vector also comprises the SV40 late poly (A) 
gene. 

In other embodiments, a vector comprising two promoters is utilized. In these 
5 embodiments, it is prefenred that one promoter be a CMV promoter that controls the 

fflcpresaon of a regulatory transcription factor (rtTA, described above). In such 
embodiments, it is prefrared ttiat the second promoter comprise a TRE-CMV promotw 
(described above). The TRE-CMV promote controls the eaqwession of the gene of 
interest {e.g.y TGF-p or p-galactoadase). In fliis embodiment, the riTA, in combination 
10 with doxycycline, controls flie expression of fihegaie of interest It is preferred that the 
two promoter/gene combinations be placed in opposite orientation and that they both be 
flanked by SV40 late poly (A) genes. 

C. Vector Constnictioii 

15 The presOTt invention is not intoaded to be limited to the methods desoibed for 

the construction of the vectors desaribed below. As known in flie art, various methods 
are useful for tiie construction of vectors in addition to tiiose that are described herein. 
Furthermore, additional vectors find use in flie coinpositions and mefliods of the present 
mveation. 

20 In some illustrative examples of the presmt invention, flie pCMV-TGF-p vector is 

employed (a map of p(MV-TGF-p is shown in Figure 2). pCMV-TGF-p contains a 
TGF-p gene obtained in cDNA form fiom pPK9a (Samuel et ed., EMBO L, 11:1599- 
1605 [1992]). The TGF-P was excised fixmi pPK9a by restriction enayme di^ and 
subcloned into the pSLUSO siqieriinker vector (Amasham Pharmacia Biotech, Chicago, 

25 XL). The TGF-P gene was ihen excised fiom pSLllSO and mswtedmto the pdvectOT. 

The pa vector contains a CMV promoter. The plasmid was amplified in bacteria and 
purified by CsClj centrifiigation. 

Some embodunents of tiie presait invention cQnq>tise the pTet-CMV-TGF-P 
vector. In other embodiments of the present invention, the pTrt-CMV-TGF-P vector is 
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employed for flie treatment of autoimmime diseases (eg;, BD). A of pTet-CMV- 
TGF-P (pTet-on-TGF-pl) is shown in Figure 3, This vector comprises several 
components, including a TGF-P gene, a TRE-CMV promoter, a CMV promoter, a rtTA 
gene, and two SV40 late poly (A) genes. In preferred embodimmts, pTet-CMV-TGF-p 
5 comprises a rtTA gene under the control of a CMV promoter and a TGF-p gene under 

the control of a TRE-CMV promoter. It is preferred that the two promoter/gene 
combinations be placed in opposite orientation and that tiiey both be flanked by SV40 
late poly (A) genes. The construction of the pTet-C!MV-TGF-p vector with the two 
promoter/gene combinations and the poly (A) has the advantage of tightly controlled 

10 expression of the TGF-p. This is an improvement over other non^-indudble and inducible 

vectors witii leaky expression. 

In some prefmed embodiments, pTet-CMV-TGF-p is prepared by the method 
described below. However, it is not intended that the present mvention be limited to this 
method. Lideed, other suitable methods of constructing pTet-CMV-TGF-P are 

15 contemplated by the present invention. In some pref^ed embodiments, the TGF-P gene 

is obtained in cDNA form from pPK9a. In this embodiment, the TGF-P is excised from 
pPK9a (described above) by restriction enzyme digest and subcloned into the pSLllSO 
superlinker vector. In some preferred embodiments, the CMV promoter is obtained by 
restriction digest from pCL In other preferred embodiments, tiiie TRE-CMV promoter is 

20 obtained by restriction digest from pRetroQn and pd. In stiU other preferred 

embodiments, the SV40 late poly A genes are obtained from pQ. It is also preferred 
that the elements be combined in a pQ vector. In addition, in some preferred 
embodiments, several stqps of sub-cloning are used in the construction of pTet-CMV- 
TGF-p, 

25 In some embodiments of the present invention, pCMV-p-gal is utilized- pCMV- 

p-gal is identical to pCMV-TGF-p, wifli the exception that the TGF-p gene is replaced 
with the p-galactosidase gene. 

A particularly beneficial feature of preferred embodknents of the present 
invention is the autoregulatory one-gene system in which various gene elements are 
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incorporated into a single construct with the CMV-promoter rtTA-VP16 transcription imit 
and title TRE-CMV miniTniini TGF-pi transoription unit mounted in opposite orientation, 
in addition to poly A sites that are mounted on eiflier side of these cassettes. Although 
several Tet regulatable genes suitable for in vivo use have been developed, these are 
5 typically two-gene systems that require mating of transgenic nuce carrying the separate 

genes, in order to produce a mouse with the desired double gene pairs. In view of 
current tnuisfection efficiencies, such gene systems have only hmited applications for 
human therapies, because both genes must be presmt in tilie same cell. In addition, the 
autoregulatory one gene system provided by the present invention is not leaky it 
10 does not produce TGF-pi m the absence of doxycyclme). AlAougJi an understanding of 

the mechanism(s) is not necessary in order to use the present invention and it is not 
intended that the present invention be limited to any particular mechanism(s), it is 
believed that the transfection of TGF-pi mRNA not induced by rlTA interaction with 
TRE is blocked (/.e, subtracte<0 by constitutive transcription of rlTA-VP16 mRNA 
15 proceeding in the opposite directioiL This feature of the preferred plasmids of tibe 

present invention does not lead to TGF-pl synthesis and secretion in the absence of 
doxycycline. Thus, recipients of the plasmid are not exposed to plasmid-derived TGF-pl 
in the absence of doxycycline. A second feature of the pTet-on-TGF-pi plasmid is that 
the amount of TGF-pl produced by transfected cells is 2 to 5-fold higher than the non- 
20 regulatable plasmid pCI-TGF-pl. While in both cases the TGF-pi gene is under the 

control of a CMV promoter, it is probable that the CMV promotor fused to an activated 
TRE is a more active promoter than the CMV promoter alone. Furthermore, it is 
possible that the TRE-activated CMV promoter may be less dependent upon the presence 
of an inflammatory milieu than the pCI-TGF-pi plasmid for high level TGF-pi 
25 induction. This is a distmct advantage m situations in which TGF-pi secretion is desired 

prior to the onset of mflammatioiL In addition, the preferred plasmid construct of the 
present mvention finds use in the delivery of other siq)pressor cytokines in addition to 
TGF-pi, such as IL-10. Indeed, as pTet-on-TQF-pi expression also leads to massive IL- 
10 responses, it is m effect, delivering both TGF-pi and IL-10 to the host system. 
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The present inventiQii provides additional advantages over prior art plasmids. For 
exanq)le O'Briea et al (O'Brien et al.. Gene 184:115-120 [1997]) describe a one-gene 
plasmid which contains both Tet-ofif and raf genes positioned in the same direction and 
separated by a transcriptional terminator. However, while pTet-on-TGF-pl is 
approximately 5.9 kb without TGF-pl cDNA, the size of the one-gene plasmid described 
by O'Brien et al. without raf cDNA is 10 kb. Thus, the in vivo transfection efficiency of 
the O'Brien et al plasmid is questionable. 

Gould et al. (Gould et al, Gene Ther., 7:2061-2070 [2000]) desaibe a self- 
contained Tet-on plasmid in which the promoter elements were also in the opposite 
direction. However, in this case, the poly A sites are located in the middle of two gene 
elements. In addition, while pTet-on-TGF-pl produced 3-fold more TGF-pi than the 
non-regulatable pQ-TGF-pi in vitro, the Gould et al. Tet-on plasmid e3q>ress6d lower 
luciferase activity than a control non-regulatable plasmid with a CMV promoter. 
Furthermore, while several retroviral one-gene Tet-off systems have been rq^orted, an 
efQcient Tet-on retroviral system which is active in vivo has not been described. In 
addition, plasmids based on Tet-off systems are not as usefiil as those based on Tet-on 
systems, because ia tiie former case, the patient must always be given an antimicrobial to 
provide rtTA expression. 

Studies of the on-ofif features of the regulatable plasmid of the present invention 
indicated that transcription is in fact highly responsive to the presence of doxycycline. 
Thus, while the administration of a non-regulatable plasmid was marked by the cessation 
of RNA transcription about two weeks after plasmid administration and loss of DNA 
afl^ about four weeks, the cessation of RNA transcription occurs within days after 
cessation of doxycycline administration and the total pmod of wposaxe to TGF-pi 
during e3q>erimaital colitis is shortened from 12 days to 4 days. Since tiie regulatable 
plasmid in preferred embodiments of the present invention leads to a sliortened e3q>osure 
time without compromising control of inflammation, it has a clear therapeutic advantage 
over non-regulatable plasmids. 
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m. Expression of Genes From Vectors 

The vectors described above can be expressed in cells. In one embodiment of the 
invention, the vectors are transfected into cells and the expression of the gene contained 
in the vector detected measured). The invention is not intended to be Umited by 
5 the gene nor cell chosm for expression. In some embodiments, the cell to be 

transformed is part of a host In some embodiments of the present invention, the vector 
may contain a reporter gme, including but not limited to p-galactosidase, GFP, 
ludferase, and CAT, to measure gene expression. In other embodiments, the gene is 
TGF-p. 

10 In some ^bodiments, the cell transfected is a tissue culture cell transfected with 

a vector containing a reporter gene, such as pCMV-p-Gal. Expression of a rq)orter gene 
may be detected using any suitable method For example, e3q>ression of p-galactosidase 
may be detected using a substrate for P-galactosidase (eg., ONPG, 
(o-nitrophenyl-b-D-galactopyranoside)) and measuring the change in optical density 

15 resulting fiom p-galactosidase activity spectrophotometrically. 

In some embodiments, the cell transfected is part of an annual (e.g., a mouse or a 
human). In some embodiments, when the vector is administered to an animal, it may be 
administered pulmonarily, (eg:, by inhalation or insufflation of powders or aerosols, 
includmg by nebulizer; intratracheal, intranasal, epidermal and transdermal). In other 

20 embodiments, the vector may be adnunistered topically, orally or parenterally. In some 

preferred embodiments, the vector is administered intranasally. Parenteral administration 
includes intravenous, intraarterial, subcutaneous, intRq)eritoneal and intramuscular 
injection or infusion; as well as intracranial, intratiiecal or intraventricular administratioiL 
In some embodimrats, cells in several tissues will contain the vector and express the 

25 geue of interest 

Administration of the preferred plasmid of the present invention has been shown 
to deliver the plasmid into macrophages and T-ceUs present in mflammatory sites. In 
addition, unlike high and repeated doses of recombinant adenoviral vectors which 
graerate neutralizing antibodies and inflammatory responses, intranasal delivery of the 
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plasmid of preferred embodiments of the preset invention can be r^administered several 
times witiiout apparent loss of ef&cacy. 

E:q>ression of the gene p-galactosidase) may be detected by any suitable 
method. It is not intended that the method of detection be limited to those described 
S herein but can encompass other metiiods known in the art One method that may be used 

is confocal immimofluorescence. When using confocal immunofluorescence, tixe 
expression of protein from the gene of int^est is detected in whole ceUs isolated from 
tissue samples. Tissues samples that may be assayed include, but are not limited to 
spleen and colon cells. Cells tiiat may be assayed include, but are not limited to T-cells. 

10 In some embodiments, C!D4+ and/or CD3+ T-cells are assayed, while in other 

embodiments, CDllb+ macrophages are also assayed. The protein expressed is labelled 
with an antibody specific to tiie protem. An additional antibody may be used that is 
specific for a cell type, including but not limited to, those described above. In these 
embodiments, each of the two antibodies is labelled with a different fluorescent 

15 cytochrome. The two fluorochromes are chosen such that they fluoresce at different 

wavelengths, Fluorochromes that may be employed include, but are not limited to 
Traas-Red and FTTC 

Another embodiment of tiie present invention involves detecting genes encoded by 
the vectors of the present invention. In some embodiments, the methods comprise 

20 detection of expression of mRNA from the gene of interest The technique of PGR may 

be utilized in Ms embodim^t In some embodiments, PGR is used to detect DNA, 
while in otiier embodiments, PGR is used to detect RNA. In either of tfiese 
embodiments, the DNA or KNTA is typically first isolated from tissues. The present 
invention is not limited by the method of isolation. For exaniple, DNA may be isolated 

25 by commercially available kits. RNA may be isolated by known methods, such as 

extraction with guanidinium isothiocyanate. When DNA is tiie substrate for PGR, 
standard PGR methods known to those in the art are employed. When RNA is the 
substrate, Reverse Transcriptase PGR (RT-PGR), as known in the art is utilized. 
Techniques and protocols for PGR and RT-PGR are well-known and readily available in 
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the art {See e.g., Ausbel et al., eds. Current Protocols in Molecular Biology, New Yoik, 
John Waey & Sons, Inc. [1994]). Alternatively, RNA or DNA may be detected by a 
hybridization assay, including but not limited to, SouthOTi or Northern analysis (See e.g., 
Ausbel et al^ supra). These methods involve hybridization of a nucleic acid probe 
5 specific for the RNA or DNA of interest The probe is labelled (eg., radioactively) and 

detected using any suitable method (e.g;, autoradiography or phosphorimaging). 

IV. Use of TGF-/J to Treat TNBS CoUtis 

The vectors described above may also be used in the treatment of IBD. The 

10 e3q)ression of TGF-p ftom the vectors described above was effective in preventing 

symptoms of intestinal inflammation in a mouse model of IBD. Illustrative examples are 
given in Examples 3 and 7. These exanq>les utilize a mouse model of IBD tibat mimics 
the chronic mtestmal inflammation of IBD. The mouse model involves the tntra-rectal 
administration of trinitrobenzene sulfonic arid (TNBS), a h^tmizmg reagent A dose of 

15 fix)m 0.5-2.5 mg is generally administered. Admmistration of TNBS results in acute 

colitis, as evidenced by weight loss, histological changes in colon tissue, and decreased 
survival {See e.g., Neurath et al, J. Exp. Med., 183:2605 [1996]). 

In one illustrative Example (described in Example 3B), mice are treated with 2.5 
mg TNBS to induce colitis. In this example, administration is given intra-rectally. At 

20 the same time, some of the mice are treated with pCMV-TGF-p. In this example, mice 

are given 100 jig of plasmid DNA intranasally. Two control groups are utilized. Hie 
first control groi^ was not given TNBS, while the second was given TNBS but not 
plasmid DNA. The success of the treatment was assayed by monitoring the wright and 
survival rate of the mice following treatment Results (shown in Figures 5 and 6) 

25 demonstrated that treatment with pCMV-TGF-P prevrated wdgjit loss and mcreased the 

survival rate relative to the controls described above. Symptoms of colitis ddi the mice 
of Example 3B were also assayed by histological assessment of tissue samples (desoibed 
in Example 4). Mice treated with pCMV-TGF-p exhibited low levels of inflammation 
similar to control groups while untreated mice exhibited high levels of inflammation 
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(Table 2). These results d^onstrated that intranasal expression of a plasmid expressing 
TGF-P can prevent mice symptoms of colitis in mice administered TNBS. 

In another illustrative example (Example 3C), mice exhibiting active colitis were 
treated with either pCMV-TGF-P or rTGF-pi protein. Mice given pCMV-TGF-P 
5 regained lost weight within 5 days of administration, while untreated mice continued to 

lose weight (Figure 6), Mice given rTGF-pi protein did not regain lost weight, but 
instead stabilized their weight at disease-state levels. Symptoms of colitis in the mice of 
Example 3C were also assayed by histological assessment of tissue samples (described in 
Example 4). Mice treated witii pCMV-TGF-p exhibited low and intranediate levels of 
10 inflammatioa However, mice treated with iTGF-pi protein and those not treated 

exhibited high levels of inflammation (Table 3). These results demonstrated that in 
addition to preventing the onset of symptoms, pCMV-TGF-p (and not iTGF-pl) can treat 
existing colitis. 

In another illustrative example of the present invention (Example 7), mice wore 
15 administered pTet-CMV-TGF-p. In Example, mice were given 100 ^g of plasmid DNA 

intranasally. Four days later, half of the mice were administered the antibiotic 
doxycycline to induce expression of TGF-p. In this experiment, mice were given 500 jig 
doxycycline LP. Three days later, mice were treated with 2.5 mg TNBS to induce 
coUtis. In this example, administration was given intra-rectally. Mice given both the 
20 vector and doxycycline exhibited decreased weight loss relative to mice not given 

doxycycline (Figure 7). Symptoms of colitis in the mice of Example 7 were also 
assayed by histological assessment of tissue samples (described mi Example 4). As 
shown in Table 4, the mice treated with pTet-CMV-TGF-P and doxyq^line exhibited 
low levels of inflammation while those treated with only pTet-CMV-TGF-p exhibited 
25 high levels of inflammation, Thisresult illustrated that the e^qpression of TGF-p can be 

controlled using pTet-CMV-TGF-p and doxycycline. This result also illustrated ttiat 
inducing TGF-p 63q>ression before inducing colitis can prevent the onset of symptoms of 
colitis. 
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y. Cytokme Prodaction 

In one embodiment of the present invention, the doxycycline-regulated plasmid 
provides means to induce high levels of cytokines. In particular, the present invention 
provides means for the induction of a high level of IL-10 following expression of pTet- 

5 on-TGF-pi. 

In vivo administration of naked plasmid DNA, such as that provided by tiie 
present invention provides beneficial results in autoimmune inflammation therapy as it is 
cqiable of inducing cytokine production at specific tissue sites. The use of such ihsacspy 
to establish cells capable of synthesizang regulatory cytokmes, such as IL-10 and/or TGF- 

10 pi is particularly relevant in this context, because cells producing these cytokines, though 

few in number, have been shown to play a central role in the counter-regulation of 
several ^es of experimental models of inflammation* For example, it has been shown 
that feeding antigras relating to inflammation (Le., feeding MBP (myelin basic protein) 
to mice prior to induction of EAE (experimental autoimmune encephalitis), or feeding 

15 TNP-haptenated colonic protein to mice prior to induction of TNBS-colitis) leads to tihie 

induction of TGF-p-producing mucosal regulatory cells with the potential to prevent EAE 
or TNBS-colitis respectively. Thus, by inducing regulatory cells via this route of therapy 
utilizes and perfiaps improves a "natural" mechanism of controlling inflammation. 

As discussed in greater detail herein, a usefiil experimental model of mucosal 

20 inflammation is the Thl T-cell inflammation system {Le., TNBS-colitis) that somewhat 

resembles Crohn's disease. During the development of the present invention, it was 
detennined that smgle mtranasal doses of a plasmid encoding the active form of TGF-p 
can not only prevent the onset of TNBS-colitis, but also abrogate established colitis, fii 
contrast, administration of recombinant TGF-p protein was without a therapeutic effect, 

25 presumably due to llie latter's short half-Ufe. Althougji an understanding of the 

mechamsm(s) is not necessary in order to use the present nivention and it is not intended 
that the present mvention be limited to any particular mechanism(s), administration of the 
TGF-pl plasmid leads to high level TGF-pl production, which in turn induces high level 
BL-IO production. This production results in suppression of the Thl inflammation 
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through the siq)pression of IL-12 and TNF-a production by IL-10, and the down- 
regulation of IL-12R p2 chains, thereby interrupting IL-12 signaling. 



VL Detection of Cytokine Expression 

5 In one embodiment of the present invention, the eflfect of administering a vector 

expressing TGF-p (e.g,, pCMV-TGF-p or pTet-CMV-TGF-p) to a host on the secretion 
of cytokines by the host's T-cells is measured. The present invention is not limited to 
measuring the level of expression of any one cytokine. For example, cytokines that may 
be measured include, but are not limited to TGF-P and IFN-y. 

10 

A. Ex vspo Detection 

In some embodiments, cytokine expression in colonic lamina propria T-cells is 
measured, while in other embodim^ts, cytokine expression in spl^c T-cells is 
measured. T-cells are isolated from colon and spleen tissues using any suitable metiiod 

15 known in flie art (See e.g., Bohivant et al, J. Exp. Med., 188:1929 [1998]). Illustrative 

examples of the isolation of T-cells from mice treated with TGF-p vectors are given in 
Examples 6 and 8. Cells are released from the tissues using any suitable method, 
including but not limited to, digestion with coUagenase or by jqyplied pressure. T-cells 
can be isolated from the cell population by centrifiigation in a Percoll gradient and 

20 further purified using mouse CD4+ T-cell purification columns (commercially available 

from R&D, Minneapolis, MN). In some embodiments, the cells are cultured following 
isolation. In some fiirth^ embodiments, the cells are stimulated with anti-CD38 or IFN- 

y. 

Cytokme expression may be measured by EUSA assay. However, the present 
25 invention is not Ihnited to detection by ELISA. Protocols for ELBA assays are available 

in the art {See e,g., Boirivant et aL, J. Exp, Med., 188:1929 [1998]). For example, kits 
for ELISA assays are available for IFN-y (Endogen) and TGF-p (Promega). Example 6 
(results are shown in Figure 6) illustrates that stimulated colonic T-^Us of untreated 
mice undergoing active colitis secrete high amounts of IFN-y and low amounts of TGF- 
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p. In contrast, mice treated with pCMV-TGF-p secrete low amounts of IFN-y and high 
amounts of TGF-p. Example 8 (results are shown in Figure 7) illustrates that both 
stimulated and unstimulated spleen T-cells of mice administered pTet-CMV-TGF-p 
secrete high amounts of TGF-p when doxycycline was administered and negligible 
amounts when no doxycycline was administered 



B. In vitro Detection 

In some embodimoits, the vectors of the current invention are used for the 
screwing of the eflFect of test compounds on cytokme (e.g., TGF-p) expression of 
transfected cells. In some preferred embodiments, cells in culture are transfected with a 
vector, such as pCMV-TGF-P or pTet-CMV-TGF-p. If pTet-CMV-TGF-p is used, 
doxycycline is added to induce expression of TGF-p. The efBsct of the expression on 
cytokine expression can then be detected using the methods described above (e.g:, ELISA 
assay). It is not intmded that the present invention be Umited to the nature of the 
compounds used for screening. Indeed, it is contraiplated that various compounds will 
be tested using the present invention. Furthermore, compounds for use in the screening 
assays of the invention can be obtained from any source. For example, libraries of 
synthetic and/or natural compounds are particularly useful. Numerous means are 
currently used for random and directed synthesis of saccharide, peptide, nucleic acid, and 
small molecule compounds. Synthetic compound libraries are commercially available 
from Maybridge Chemical Co. (Trevillet, Cornwall, UK), Comgenex (Princeton, N.J.), 
Brandon Associates (Merrimack, N.H.), and Microsource (New Milford, Conn.). In 
addition, a rare chemical library is available from Aldrich (Milwaukee, Wis.). Libraries 
of natural compounds in die form of bacterial, fungal, plant and animal extracts are 
available from Pan Laboratories (Bothell, Wash.) and MycoSearch (NC). Thus, it is 
contemplated that the present invention wiU find use in testing a wide variety of 
compounds. 
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Vn. Therapy for Autoimmiuie Disease 

In particularly preferred embodiments, the present invention provides 
compositions and methods for the treatment of autoimmune disease. Although 
e9q)eriments conducted during the development of the preset invention demonstrate that 
the present invention is beneficial in the treatment of autoimmune diseases {e.g., Thl- 
mediated chronic diseases such as Crohn's disease), it is recognized that excessive 
exposure to TGF-p can consequently lead to tissue fibrosis. Thus, experiments were 
conducted as described herein, in ordo- to assess the potential for the development of 
fibrosis related to the administration of the plasmids encoding TGF-pi of the present 
invention. 

In early experiments usmg a mouse model, no lung fibrosis was observed, evm 
thougih the route of admmistration of the TGF-pi plasmid to the mice was intranasal 
Nonetheless, it was clear that tight regulation of plasmid TGF-pl production is necessary, 
so that the length of exposure to TGF-pl is as brief axid focused as possible. Thus, a 
plasmid encoding TGF-pl that is regulated by doxycycline, such that TGF-pi is 
produced only when the plasmid is co-administared with doxycycline was produced. The 
experiments described herein show that this regulatable plasmid is a highly effective 
means of preventing and/or treating TNBS-colitis, even though the exposure time to 
TGF-p can be relatively short (ie., approximately 4 days). In addition, the results 
discussed herein indicate that instead of acting as a cause of fibrosis, the regulatable 
plasmid prevents fibrosis (e,g., fibrosis caused by a well-known fibrosis-inducing agent, 
bleomycin). Indeed, mice treated with intranasal pTet-on-TGF-pi plus doxycycline did 
not exhibit fibrotic changes in their colons or other tissues (eg., lung, liver, spleen, and 
kidney) as observed usmg hematoxylin and eosin staining at 5, 14, 28, and 56 days 
following plasmid and TNBS administration. 

Al&oug^ an understanding of the mechanism(s) is not necessary in order to use 
the present invention and it is not mtended that the present invention be limited to any 
particular mechanism(s) recent work concemmg the mechanism of counter-regulation of 
autoimmune inflammation in general and in mucosal inflammation in particular, suggests 
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tbat such regulation is mediated eithca: by "Th3" T-cells producing TGF-pl or by TRl T- 
cells produciag mostly EL-IO. Experiments conducted during the development of the 
present invention using the TNBS-colitis model to analyze counter-regulation strongly 
suggest that TGF-p is the primary suppressor cytokine, at least with respect to Thl- 
mediated mucosal inflammation, but requires IL-10 to ameliorate the IL-12/IFN-y 
response, which would otherwise prevent the expansion of TGF-pl -producing T-cells. 
This is in agreement with other data obtained during the development of the present 
invention, which indicated that cells producing TGF-P induced by plasmid administration 
could siq>press TNBS-colitis, even in the absence of IL-10, since in this situation, TGP- 
pi-produdng cells can be induced by plasmid administration in the face of a Thl 
response. In addition, while previous studies suggest that IL-10 may be necessary for 
down-regulation of IL-12 production, TGF-pi can operate in its absence, since TGF-pl 
interferes with IL-12 signaling via down-regulation of IL-12R p2 chains. 

This latter effect of TGF-pl bears on an important aspect of flie present invention, 
in that high levels of TGF-pi secretion need to be present only for a short period of 
time, in order to ameliorate TNBS-colitis. Although an understanding of the 
mechanism(s) is not necessary in order to use the present invention and it is not intended 
that the present invention be limited to any particular mechanism(s), it is likely that this 
relates to the fact that TGF-pi mediates down-regulation of the IL-12R p2 chain as 
indicated above. This, in turn, deprives Thl T-cells of an essential growth factor and 
leads to s^optosis of the latter cells and resolution of the colitis. 

Vm. Therapy for IBD 

In one embodiment of the present invention, vectors expressing TGF-p are used 
to treat IBD m subjects (eg;, humans). In preferred embodunents, the vector is pTet- 
CMV-TGF-p. However, the present invention is not intended to be limited to the vectors 
disclosed above. In some embodiments the vectors contain the TGF-P of SEQ ID N0:1, 
while m other embodimaits, the vectors contain wild ^e human latent TGF-pi, human 
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latent TGF-p3, or mouse latent TGF-pi. In other embodiments, variants or homologs 
(described above) of SEQ ID N0:1 are utilized 

In some particularly preferred embodiments of the present invention, the vectors 
are administered to humans having symptoms of an autoimmune disease IBD). As 
discussed above, symptoms of IBD mclude, but are not limited to, abdonodnal pain, 
diarrhea, rectal bleeding, weight loss, fever, loss of appetite, and other more serious 
complications, such as dehydration, anemia and malnutrition. A number of such 
symptoms are subject to quantitative analysis (e.g.^ weight loss, fever, anemia, eta). 
Some symptoms are readily detemiined fiom a blood test (e.g., anenoia) or a test that 
detects the presence of blood (e.g:, rectal bleeding). 

Although the present invention is not so limited, in some preferred embodimmts, 
Ibe vector is administered intranasaUy. Thus, in otiier embodiments, administration is 
topical (including ophthalmic and to mucous membranes including vaginal and rectal 
delivery), pulmonary (ag., by inhalation or insufiQation of powders or aerosols, including 
by nebulizer; intratracheal, intranasal, epidermal and transdermal), oral or parenteral. 
Parenteral administration includes intravenous, intraarterial, subcutaneous, intr^eritoneal 
or intramuscular injection or infusion; or intracranial {e.g,, intrathecal or intraventricular), 
administration. 

Compositions and formulations for intranasal adnodnistration include suspensions 
or solutions in water or non-aqueous media. Solutions for intranasal administration may 
also contain buffers, diluents and other suitable additives and otiier pharmaceutically 
accq)table carriers or exdpients. Aqueous suspensions may further contain substances 
that increase the viscosity of the suspension including, for example, sodium 
carbo^Qrmethylcellulose, sorbitol and/or dextraiL The suspension may also contain 
stabilizers. Pharmaceutical compositions of the present invention include, but are not 
limited to, solutions, emul^ons, and liposom&-containing formulations. These 
compositions may be generated from a variety of components that include, but are not 
limited to, preformed liquids, self-emulsifying solids and self-emulsifying semisolids. 
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The pharmaceutical fonmilations of the present mvention, which may 
conveniently be administered in unit dosage form, may be prepared according to 
conventional techniques weD known in the pharmaceutical industry. Such techniques 
include the step of bringing into association the active ingredients with the 

5 pharmaceutical carrier(s) or excipient(s). In general the formulations are prepared by 

uniformly and intimately bringing into association the active ingredients with liquid 
carriers or finely divided solid carriers or both. 

The compositions of the present mvention may additionally contain other adjunct 
components conventionally found in pharmaceutical compositions. Thus, for example, 

10 the compositions may contain additional, compatible, pharmaceutically-active materials 

such as, for example, antipruritics, astringents, local anesthetics or anti -inflammato ry 
agents, or may contain additional materials useful in physically formulating various 
dosage forms of the compositions of the present invention, such as dyes, flavoring 
agents, preservatives, antioxidants, opadfiers, thickening agmts and stabilizers. 

15 However, such materials, when added, should not unduly interfere with the biological 

activities of the components of the compositions of the present invention. The 
formulations can be sterilized and, if desired, mixed with auxiliary agents (ag., 
lubricants, preservatives, stabilizers, wetting agents, emulsifiers, salts for influencing 
osmotic pressure, buffers, colorings, flavorings and/or aromatic substances and the like) 

20 which do not deleteriously interact with the nucleic acid(s) of the formulatioru 

Clinical dosages may be within a large range where clinical effect is observed 
substantial elimination of the symptoms of IBD). Dosage ranges contemplated 
include, but are not limited to, 2-20 mg plasmid DNA. Otiier ranges are contemplated, 
depending on the weight of tiie mdividual and their response to initial dosages. For 

25 example^ children may be given dosages in a smallear range, including but not limited to, 

0.1-5 mg plaatnid DNA. In other embodiments, individuals who do not respond to an 
initial range of dosages may be given higher dosages, including, but not limited to 10- 
100 mg plasmid DNA. 
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When pTet-CMV-TGF-p is utilized, doxycycline is also administered to the 
subject to induce expression of TGF-p. Due to the inducibility of the 
pTet-CMV-TGF-p, e>q)r6ssion of the vector can be "turned on and oflP' by administering 
doxycycline when ejqjression is desired. A dose of 100-200 mg/day doxycycline is 
contemplated. However, additional dosage ranges are contemplated. If tins dosage is not 
effective, additional ranges may be utilized, including, but not limited to 150-300 
mg/day. 

Jn some presently described methods of the invention, a preferred outcome is that 
administration of the vector results in substantial elimination of the symptoms of IBD. 
In some embodiments, the vector is administered a single time, while ia o&ers, the 
vector is administered multiple times. In still other mibodiments, the vector is 
administered wh» relapse of IBD synq>toms occur. 

The methods and compositions of the preset invention are not limited to the 
treatment of IBD. Indeed, it is contemplated that tiie methods and compositions of the 
present invention will find use in the treatment of various other diseases. In particular, it 
is contemplated that the present invra^tion will find use in the treatment of various 
diseases with an autoimmune component. Diseases contemplated include, but are not 
limited to, multiple sclerosis, iheumatoid arthritis, systemic lupus erythematosus, insulin- 
dependent diabetes mellitus, sarcoidosis, and psoriasis. 

EXPERIMENTAL 

The following examples are provided in order to demonstrate and furth^ illustrate 
certain preferred embodiments and aspects of the present invention and are not to be 
construed as limiting the scope thereof. 

In the experimental disclosure which follows, the following abbreviations apply: 
M (molar); mM (millimolar); pM (micromolar); g (graxns); mg (milligrams); ^g 
(micrograms); ng (nanograms); ml (milliliters); \H (microliters); cm (centimeters); mm 
(millimeters); nm (nanometers); U (units); mRNA (messenger RNA); cDNA (copy or 
complimentaiy DNA); RPM (revolutions per minute); PGR (polymerase chain reaction); 
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RT-PCR (reverse-transcr^tase PGR); '*C (degrees Centigrade); TNBS (trinitiobcnzeiie 
sulfonic acid); TGF-p (transfonning growth fector beta); IFN-y (interferon gamma); IL 
(interleukin, e.g,. IL-10, IL-12, etc.); PBS (phosphate buffered saline); HEPES (N-[2- 
hydroxyethyl]piperazine-N-[2-ethanesulfonic acid]); mAb (monoclonal antibody); 
5 Amor^iam Pharmacia Biotech (Amersham Pharmacia Biotech, Piscataway, NJ); 

Amorsham Pharmacia (Amersham Pharmacia, Giicago, IL); Life Technologies (Life 
Technologies, Rockville, MD); Schering-Plough (Schering-Plough Animal Health, Union, 
N]); Sigma-Aldridi (Sigma-Aldrich, St Louis, MO); R&D (R&D, MinneapoUs, MN); 
Goitra Systems (Gentra Systems, Nfinnesqwlis, MN); Promega (Promega Corp., Madison, 

10 WI); Bodiringa: Mannhdm (Boebringer Mannheim Biochemicals, lodian^olis, IN); 

Becton Diddnson CBecton Dickinson, Sunnyvale, CA); Pharmingen (E^armingen, San 
Diego, CA); Clontedi (Qontech, Palo Alto, CA); Calbiochan (Calbiochem Co, La Jolla, 
CA); Rodie (Roche Molecular Biochonicals, Ihdiansq[)olis, IN); Endogen (Endograi, 
Wobum, MA); Dynatech (Dynatech Labs, Chantilly, VA); Biofluids ^iofluids Inc., 

15 Rockville, MD); Jackson Lnmuno (Jackson Dnmuno Research Lab<mitories, West Grove, 

PA); Fort Dodge (Fort Dodge Animal Health, Fort Dodge, lA); Butter (Butler Conq)aiqr, 
Columbus, OH); Biocolor (Biocolor, Northern Ireland); and Ldca Microsystems ^ca 
Microsystems, Exton, PA). 

In the following Examples describing expaiments conducted using mice, the mice 

20 were either specific pathogen-free (SPF) 5-6 week old male SIL/J mice obtained from 

the National Cancer Institute Animal FaciUty (Frederick, MD), or SPF C57BL/6 mice 
obtained from the National Cancer Institute Animal Fadlity. Animal use in all of these 
experiments adhered to NIH Laboratory Animal Care Guidelines. 

In e3q)mments mvolving intranasal administration of plasmid DNA, 20 ^1 of PBS 

- 25 containing 100 (ig of plasmid DNA weis administered to mice lightly anesthetized with 

metophane (methoxyflurance, Sdiering-Ploug^). The quality of plasmid DNA 
administered was voified by electrophoresis on 1% agarose ^Is, just prior to 
administration to flie animals. 
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EXAMPLE 1 
Production of pCMV-TGF-jS Plasmid 

In this Example, the production of pCMV-TGF-p plasmid material is described. 
pCMV-TGF-p is shown in Figure 2. The construct comprises a TGF-p gene under the 
control of a CMV promoter. The TGF-p gene used in this vector is of porcine origin. 
In addition, die TGF-P is a mutant form in which cystines at positions 223 and 225 have 
been replaced by serines (Dr. P. Kondaiah, Indian Institute of Science, India; Samuel, et 
al, EMBO J., 11:1599 [1992]). This TGF-pl is active, but has been designed to 
preclude binding of nascent TGF-pl to latency-associated protdn (LAP) in the cells. 

The plasmid was constructed as described herein. The TGF-p gene, in cDNA 
form (SEQ ID N0:1) was excised from the plasmid pPK9a (Samnel, et aL, EMBO J., 
11:1599 [1992]) by digestion with Bgin. The cDNA obtained was then subcloned into 
the BairiSl site of tiie pSLUSO siq)erlinker vector (Amersham Pharmacia Biotech, 
Chicago, EL). The gene was then excised fit>m pSLl 180 by digestion with EcdBl and 
EcdBN and ligated into the EcoBl and Smal sites of the pCI vector (Promega). The 
vector obtained was designated pCMV-TGF-p. The plasmid was amplified ui E. coli and 
a large quantity of purified plasmid was prq)ared by two cycles of CsClj 
ultracentrifugation followed by extensive dialysis against TE buffer and two cycles of 
ethanol precipitation. The purified plasmid was stored at -TO'C until use. 

EXAMPLE 2 
Production of pTetCMV-TGF-/}l Plasmid 
In this Example, the production of pTetCMV-TGF-pl is described. This plasmid 
is shown in Figure 3. The construct contprises a TGF-pi gene under the control of a 
TRE-CMV promoter. The TGF-pl gene used in tins construct is of porcine origm. In 
addition, the TGF-pl is a mutant form in which cystines at positions 223 and 225 have 
been rq)laced by serines. The plasmid contains a regulatory transcription fector (rtTA) 
under the control of a CMV promoter. The TGF-pl is under the control of a TRE-CMV 
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promoter. In the presence of doxycycline and rtTA, the TRB-CMV promoter is activated 
and TGF-P is produced. The two promoters are placed in opposite directions. 
Additionally, a polyA gaie is located at botii ends of flie TGF-P cassette to control 
expresaon of rtTA. Thus, the plasmid produces TGF-p only in the presence of 

5 doxycycline. 

The plasmid was constructed as described. The BgHl-Notl fiagment of pa 
^romega) containing the CMV promoter was excised and inserted into the NoiL-BamSL 
site of pBluescript SK (Stratagene). The CMV promoter was then excised by .ffcoRI 
digestion and inserted into Hts EcoBl site of pRetro-on vector (Qontech) after the 

10 removal of the SV40piomotor contained in the pRetro-On vector. The product was 

termed Retro-on CMV. Then, flie BgOl fiagment of TGF-p cDNA fi»m pPK9a was 
insCTted into Bgia site of pSiq)erlinker 1180 (Amendiam Pharmacia). The NofL-BaniSl 
fragment of TGF-pi cDNA was then inserted into Retro-on CMV. The BgUL-Xhol 
fragment of SV40 late poly (A) was then prepared firom pCI and inserted into the 

15 BgHL-Xhol site of a new pCI vector lacking a CMV promoter. The Xhol-Xhol fragment 

from pRetro-on CMV (5' region ofXhol site was produced in the first step of fliis 
procedure, and the other Xhol end comprising 5' TRE (tet reqwnsive element)) was 
inserted into Xhol site of pQ phis SV40 poly (A) prq)ared above. Thus, the CMV 
promotor-rtTA-TGF-pi-miniCMV-TKB fragment was flanked by both SVpoly(A) ends 

20 m flie pa plasmid. This construct is termed "pTet-CMV-TOP-pi," or "pTet-on-TGB- 

pi." 

As shown in Figure 3, Panel A, tibis plasmid contams a "reverse" Tet 
transactivator (rtTA-VP16) under a CMV promoter fused in oppodte orientation to the 
active TGF-pi construct under a CMV minimum pramota* and a tetracycline-reqKmsive 
25 element (TRE). The CMV promoto: driving rtTA-VP16 is constitutively active, but is 

enhanced in cells present in an inflammatory milieu. Doxycycline binding to rtTA-VP16 
protein enables it to mteract with a TRE which in turn activates the CMV minimum- 
promoter and TGF-pi transcription. Thus, in the absence of doxycycUne, rtTA does not 
bind to the TRE and there is no TGF-pi transcription. 
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The plasmid was amplified in E. coli and a large quantity of purified plasmid was 
prepared by two cycles of CsClj ultracenlrifiigation followed by extensive dialysis 
against TE buffer and two cycles of ethanol precipitation. The purified plasmid was 
stored at -70'C until use. 

To verify the regulatability of the pTet-on-TGF-pl plasmid, both pTet-on-TGF-pi 
and mock pTet-on (/.e., pTet not containing a TGF-pi cDNA construct) were transfected 
into C0S7 cells and the amount of TGF-pi secreted into the supernatant by the cells in 
culture in tiie presence and absence of doxycycline determined As shown in the 
Western blot analysis shown in Figure 3, Panel B), C0S7 cells transfected with pTet-on- 
TGF-pi or mock pTet-on both produced rtTA-VP16 (37 kD doublets) in the presence 
and absence of doxyqrclme. In ttiis Figure, the production of active TGF-pl m the 
si5)eniatant of pTet-on-TGF-pi or pTet-on mock plasmid after three days of transfection 
into COS cells with and without dojgrcycline is shown as the mean ± SD. The doublet is 
usually obsCTved during detection of rtTA (37 kD). Nevertheless, abundant TGF-pi 
protem was detected only in the supematants of cells transfected with pTet-on-TGF-pi 
cultured in the presence of doxycycline. Thus, while pTet-on-TGF-pl transfected cells 
in the absence of doxycycline, and mock p-Tet-on in the presence or absence of 
doxycycline, secreted 200-240 pg/ml of active TGF-pl, as measured by ELISA. Cells 
transfected in the presence of doxycycline with p-Tet-on-TGF-pi produced about 2600 
pg/ml TGF-pl (/.e., a ten-fold greater amount). Furthermore, m the presence of 
doxycycline, pTet-on-TGF-pi transfected cells produced 3-fold higher amounts of TCff- 
pi than pa-TGF-pl-transfected cells. In addition, pTet-on-TGF-pi showed virtually no 
leaky production without doxycycline. The Western blots confirmed that the transfection 
of each plasmid was successfiil. 
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EXAMPLES 
pCMV-TGF-jS Substantially Eliminates Symptoms 
of TNBS Colitis in Mice 
This Example iUustrates the use of pCMV-TGF-P to treat mice with TNBS- 
5 colitis. In recent studies it has been shown that hnmune responses against self 

(autoimmunity) is normally under the control of counter-regulatory or suppressive 
immune responses fbat maintain immune homeostasis and prevent disease. This 
mechanism is very clearly evident in an e^qperimental model of colitis known as 
TNBS-colitis m which certain strains of mice are rectally administered trinitrobenzene 
10 sulfonic acid (TNBS) and tihereby develop a severe and chronic colitis mediated by a Thl 

T-cell response and the production of IFN-y. 

A. Mouse Model for Colitis 

Specific pathogen firee, 5-6 wk old male SJUJ mice were obtained firam the 
15 National Cancer Institute Frederick, MD) and maintained in tiie National Institute of 

Allergy and Infectious Diseases anunal holding facilities (Befhesda, MD). WBcc were 
treated with a single intra-rectal dose of TNBS (2.5 mg) dissolved in ethanol, a dose that 
regularly induces severe colitis (Neurath et al, J. Exp. Med, 182:1281 [1995]), Mice 
were first anesthetized with metophane (methoxylflurance, Schering-Plough). A 3.5F 
20 catheter was then carefixlly inserted mto the colon such that the tip was 4 cm proximal to 

the anus. The TNBS, dissolved in 50% ethanol was slowly administered into the lumen 
of the colon via the catheter fitted onto a 1 nd syringe. 

B. Treatment witii pCMV-TGF-/3 Prevents Colitis. 

25 Mice treated with TNBS to induce colitis were divided into 2 gn)iq)s. The first 

group recdved no treatment (i.e., control group). The second group was lightiy 
anesthetized with metophane (methox/lflurance, Schering-Plough) and given 20 of 
PBS containing 100 iig of plasmid DNA intranasally. The quality of plasmid DNA was 
verified by electrophoresis on 1% agarose gel just prior to administration. Two 
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additional control groiq)s wore included. These animals did not receive TNBS. The first 
control group was given only eflianol (no TNBS). The second group control groiq) was 
given only the p-CMV-TGF-p plasmid (p-CMV-TGF-P was prepared as described in 
Example 1). The weight of each mouse in the four groups desoribed above was 
monitored every 24 hours for seven days. 

Figure 4 shows flie weight of mice in all four groups for 7 days post treatment 
The two control groups not treated with TNBS (ie, ethanol and TGF-p containing 
vector) maintained their weight at or above their weight on day zero. The mice given 
TNBS and no treatment manifested continuous weight loss over the entire treatment 
period. However, mice with TNBS colitis treated with tiie p-CMV-TGF-p plasmid 
maintained their weight at or near tiie levels of tiie control groins. 

Figure 5 shows flie survival of mice in the above four groups. The survival rate 
was monitored for 5 days post-treatmmt The two control groups not treated witti TNBS 
(Bflianol and TGF-p containing vector) maintained near 100% survival. The mice given 
TNBS and no treatment showed a decreased survival rate of near 75%. However, mice 
with TNBS colitis treated with the p-CMV-TGF-p plasmid had a survival rate at or near 
the levels of the control groiq)s. 

C. Treatment of Active Colitis with p-CMV-TGF-/3 and rTGF-j81 Protein 
In these experiments, mice were administered 1.5-2.0 mg of TNBS in 45% 
etiianol as described above to induce colitis. Administration was on day -7. As shown 
in Figure 6, 7 days aft^ administration the mice were losing wdght rapidly. At this 
point, the mice were split into three groiq>s. The first group received no treatment The 
second groi^ received intranasal administration of p-CMV-TGF-p as desaibed above in 
section B. The third groi^ was administered 5 fig of rTGF-pi (]purchased ftom R&D) 
per day for fliree days. Protein was administered via intraperitoneal injection. Figured 
shows that mice administered p-CMV-TGF-P exhibited weight gain back to their original 
weight within 5 days following treatment. The mice given rTGF-pi did not regam any 
lost weight Mice given no treatment continued to lose weight 
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These experimmts demonstrated that mtranasal admimstration of p-CMV-TGF-P 
resulted m both prevention of the onset of symptoms of TNBS colitis in mice and 
treatment of ongoing colitis. This is in contrast to mice administered rTGF-pl protein, 
which did not result in eiSective treatment of colitis. 



EXAMPLE 4 
Histologic Assessment of Tissues 
In ttds Example, tissues firom the mice tested in Exanq)le 3 above, were 

10 examined. Colonic tissues were obtained 7 days after treatment with TNBS to i^^ 

colitis as described in Example 3. Samples were also obtained ftom mice treated with p- 
CMV-TGF-p. Samples were fixed in 10% bufifered formalin phosphate (Sigma-Aldrich), 
embedded in paraffin, cut into sections, and stained witti hematoxylin and eosuL Stained 
colon sections were examined for evidence of colitis using histologic criteria previously 

15 described (Neurath et ah, J. Exp, Med., 182:1281 [1995]), The level of inflanmiation 

observed m the samples was graded on a scale from 0-4 (0, no signs of inflarmnation; 1, 
very low level; 2, low level of leukocyte infiltration; 3, high level of infiltration, high 
vascular density, and thickening of the colon wall; 4, transmural infiltrations, loss of 
goblet cells, high vascular density, and thickening of the colon wall). 

20 Results of the histologic assessment of the mice of Example 3B are shown in 

Table 2. Table 2 shows the numbar of mice m each group exhibiting each grade of 
inflammation. As indicated, mice in the control gcoi9)s receiving only eOianol or only p- 
CMV-TGF-p were graded at a low level of inflammation. Mice receivmg only TNBS 
and no treatment were primarily graded at high levels of inflammatiotu Mice treated 

25 with p-CMV-TGF-P were primarily graded at low levek of inflammation. These results 

correlate witii the weight and survival in demonstrating that treatment with p-CMV-TGF- 
p prevents symptoms of TNBS mduced colitis. 

Table 3 diows the results of histological assessment based on grade of infection 
of the mice of Example 3C. As indicated, untreated mice and mice treated only wifli 
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iTGF-pl protein were graded at high levels of inflanunatioii. Mice treated witii p-CMV- 
TGF-p were graded at low to intmiediate levels of inJQammatioiL These results 
correlate with the results of Example 3C in demonstrating that p-CMV-TGF-p and not 
iTGF-pi protein is an effective treatment for TNBS induced colitis. 



Table 2 



Histological Assessment of Mice Treated With p-CMV-TGF-jS 
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Table 3 

Histological Assessment of Mice Treated with rTGF-/3 or p-CMV-TGF-/8 
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EXAMPLES 
PCR Detection of pCMV-TGF-/J in Mice 
This ]&cample describes the detection of pCMV-TGF-P specific DNA and KMA in 
mouse tissue. Mice were treated witii TNBS to induce colitis and pCMV-TGF-p using 
5 tiie method described in Example 3 above. DNA and RNA were isolated from lung, 

colon, and q>leen tissues on 5, 14, and 28 days following administration of TNBS and 
pCMV-TGF-p. DNA was directly used in a PGR (DNA-PCR) reaction and RNA was 
used in RT-PCR. 

Tissue DNA was isolated by a DNA isolation kit (Centra Systrans). Tissue RNA 
10 was isolated by standard guanidinium isothio^aoate extraction meOiod, followed by the 

tceatmmt witib RQ-1 RNAse-firee DNAse ^mega). 

PGR was used to amplify TGF-p DNA and RNA as well as GAPDH mRNA 
(used as an internal control for the PGR reaction). Primes used for PGR reactions 
were: 5' primer (22 mer) 5'-AGAAGTTGGTCGTGAGGGAGTG-3' (SEQ ID N0:3). 
15 derived from liie 5' sequence of synthesized splicing site upstream of TGP-p cDNA, and 

3' primer (22 mer). 5'-GAGCTCCGAGGTGTTGAACAG-3' (SEQ ID N0:4), derived 
from the sequence within the pCMV-TGF-p cDNA in the plasmid. The splice site 
fedlitated the distinction of the sizes between DNA-PCR and RT-PCR of pGMV-TQF-p. 
For GAPDH, the primer sequences used were 5* primer (24 mer): 
20 5'-GTCITGACCAGGATGGAGAAGGGT-3* (SEQ ID NaS), 3' primer (23 mer): 

5*-CATGCCAGTGAGCTTCCCGTTCA-3' (SEQ ID N0:6). PGR was performed using 
fliennal cycler set for 30 cycles of 94'C for 45 sec, <50°C for «) sec, 72°C for 90 sec and 
final ext^ision at 72°C for 10 min. Aiiq)lified products were visualized on a 2% agarose 
geL 

25 The TGF-P plasmid DNA is still detectable by DNA-PGR in lung, colon and 

^leen tissues 28 days following intranasal administration of pGMV-TGF-p. The TGF-p 
mRNA was still able to be detected in all (liree tissues 14 days after intranasal 
administration of pCMV-TGF-p. 

These results demonstrate two important findings: 1) TGF-P DNA is present in 

30 tissues following intranasal adminisfration of pCMV-TGF-p; and 2) TGF-p mRNA is 

expressed in tissues following intranasal administration of pCMV-TGF-p. 
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EXAMPLE 6 

pCMV-TGF-jS Induces T-CeUs to Secrete High Levels of TGF-/3 
and Low Levels of DFN-y 
In this Example, cytokine secretion by colonic lamina propria T-cells of the mice 
of Example 3 was assayed. The levels of secretion of the cytokmes TGF-p and IFN-y 
was measured in the control and experimental mice of Exan^le 3. 

A. Isolation and Culture of Lamina Propria (LP) T-Cells and Macrophages. 

Lamina propria mononuclear cells (LPMC) were isolated from lamina propria 
using the techmque of Van der Hdjden and Stok (Van der Heijden and Stok, J. 
Immunol. Meth., 103:161-167 [1987]). The colonic specimens were first washed m 
HBSS-calcium magnesium free and cut into 0.5 cm pieces. They were then incubated 
twice, each time for 15 min in HBSS containing EDTA (0.37 mg/ml) and ditbiottireitol 
(0.145 mg/ml) at 37'C. The specimens were further digested in RPMI containing 
collagenase D (400 U/ml) and DNase I (0.01 mg/ml) (both obtained from Boehringer 
Mannheim). The LP cells released from the tissue were then resuspended in 100% 
PercoU, layered underneath a 40% Percoll gradient (Pharmacia Biotech) and spun at 1800 
ipm to obtain the lymphocyte-enriched population accumulating at tihe 40-100% interfece. 

The resultant LPMC were plated on a plastic sur£ace for sqiaration into adhere 
and non-adherent cell populations. Mouse CD4* T-cell purification columns (R&D) were 
used to purify T-cells. The resultant cell populations were shown by flow cytometry 
(FACScan; Becton Dickmson) to contain greater than 85% CD4^ T-cells. 

The lamina propria T-cells obtained wore suspended in coniplete medium 
consisting of RPMt 1640 supplemented wifli 3mM L-glutamine, lOmM HEPES buffer, 
10 jig/ml gentamycm, lOOU/tnl each of penicillin and streptomycin (Life Sciences), 0.05 
mM 2-ME and 10% heat-inactivated FCS (Life Sciences) and cultured at a concentration 
of 1 X 10^ cells/ml in 24-well culture plates (Costar) with or witiiout stimulation. 
Stimulation was accomplished by plate-bound anti-CDSe (clone 145-2C11, Pharmingen), 
precoated at 10 fig/ml anti-CDSe in carbonate buffer (pH 9.5) overnight at 4"C) and 
soluble anti-CD28 (Img/ml, clone 37.51, Pharmingen) for 48 hours. 

The adherent cell population (LP macrophage-enriched cells, which were shown 
by flow cytometry to contain 70% F4/80-positive cells and 25% N418-positive cell 
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population) was also cultured. These cells were cultured at a concentration of 1 x 10' 
cells^ and stimulated overnight (18 hours) with 1000 uAnl IFN-y (R&D) and then wifli 
SAC at a 1:10,000 dilution (Pansorbin, Calbiochem) for an additional 24 hours. 



B. Cytokine Secretion Assays 

For measurement of TGF-pl secretion, cells were cultured in serum-free medium 
siqjplemaited with 1% nutridoma-SP (Roche) for 60 h as previously described (Boirivant 
et aL, J. Exp. Med, 188:1929 [1998]). 

Siq)einatants of cell cultures were collected and assayed for cyto)dos production 
byBUSA. IFN-7 was assayed by mmi-kit (Endogai). TGF-pl was assayed usmg the 
Max TGF-P assay kit (Prom^) after tiie treatment of sera or soum-fiee stq>anatants 
wifli IM HO, foUowed by flie NaOH neutralizatioa Optical densities were measured on 
a ELISA reader QM. 5000: Dynatech Labs) at a wavelength of 490 mn as previousty 
described (Neurath et aL, J. Exp. Med., 182:1281 [1995]; Boirivant et al., J. Exp. Med., 
188:1929 [1998]; Neurath et aL, J. Exp. Med., 183:2605 [1996]). 

The results are shown in Figure 7. As indicated, control mice not treated wifli 
TNBS exhibited low levels of both TGF-p and IFN-y secretion. Mice given TGF-p 
alone exhibited little IFN-^ secretion and moderate TGF-p secretion. T-cells from mice 
admmistered TNBS alone or TNBS and the control vector and having active colitis 
manifested high levels of IFN-y secretion and low levels of TGF-p secretion. In 
addition, these cells stimulated witii SAC plus IFN-^ produced large amounts of IL-12 
p70 aad low amounts of TGF-pi. Snnilarly, cells from mice administered TNBS that 
also received intranasal pTet-onrTGF-pi, but not doxycycline, produced high levels of 
IFN-7 and IL-12, but not low amounts of TGF-pi. 

These results were in strikmg contrast to those obtained with LPMC from mice 
tiiat recdved TNBS, mtianasal pTrt-on-TGF-pi and doxycycline. In tins case, the 
q)lenocytes produced low amounts of IL-12/IFN-7 and large amounts of TGF-pi. The 
TGF-pl was secreted m a largely active form, ance about 90% of the total TGF-pi 
detected by ELISA could be detected in tiie absence of acidification of the culture 
supernatant Moreover, TGF-p secretion was detected in unstimulated cells from this 
mouse group presumably due to in vivo cell activation by TNP-h£q)tenated protein. 
Takoi togetiier, these e}q)«nmraits show that a reciprocal relation exists between IL- 
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12/IFN-Y and TGF-pi, with high levels of the fomer and low levels of the latter 
associated with inflammation (the reverse was true m the absence of inflammation). 

In addition, the production of lE^lO was also measured for the same anti- 
aD3e/anti-CD28-stimulated LPMC populations. As also shown in Figure 7, while 
5 TNBS-colitis induction in the absence of mtranasal administration of pTet-on-TGF-pl 

was associated with cells exhibiting a modest rise in IL-10 production, mice treated with 
TNBS-colitis and treated with intranasal pTet-on-TGF-pl and doxycycline yielded cells 
exhibiting massive IL-10 secretion. This observation was in agre^ent with previous 
experiments conducted wifli pO-TGF-pi, in that intranasal admmistration of tiie latter 
10 plasmid also resulted in massive IL-10 secretion. 

This Example iUustrates that administration of TGF-p in pCMV-TGF-P afifects 
the secretion of TGF-p, IFN-y, and interleukins by T-cells. 



15 EXAMPLE 7 

pTetCMV-TGF-/J Prevents Symptoms of TP4BS Colitis in Mice 
The studies desCTibed in this Example were designed to test the ability of the 
inducible plasmid, pTetCMV-TGF-pi ("pTet-on-TGF-pl) (described in Example 2) to 
prevent TNBS colitis. 

20 Pathogen free, 5-6 week old male SJL/J mice (described m Example 3) were used 

in this study. On day minus 7 (relative to TNBS administration^ mice lightly 
anesthetized with metophane (melhoxylflurance^ Schering-Plough) were administered 
twenty ^1 of PBS containing 100 (ig of plasmid DNA (either pTet-on-TG^-pi or pTet-on 
mock) intranasally. The quality of plasmid DNA was verified by electrophoresis on 1% 

25 agarose gel just prior to administration. On day minus 3, the mice were ^lit into two 

furth^ groups, one gjcoup received doi^cycline (500 ^g LP.) to induce production of 
TGF-pi, while one group did not receive doxycycline. On day zero, the mice were 
treated with a single intra-rectal dose of TNBS (2.5 mg) dissolved in ethanol to induce 
TNBS-colitis. 

30 Figure 8 shows the weight of mice from days -4 to +5. The group of mice not 

administered doxycycline (and thus not producing TGF-pi) exhibited r^id and severe 
weight loss following induction of TNBS colitis. In contrast, mice given pTet-on-TGF- 
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pl and doxycycline (thus inducing flie production of TGF-pl) exhibited only small 
amounts of weight loss. 

Tissues from the mice were also assayed for histological symptoms of 
inflammation as described in Example 4. The results are shown in Table 4. Mice 
5 treated only with pTet-CMV-TGF-pl and not given doxycycline to induce e5q)ression of 

TGF-pi were primarily graded at high levels of inflammation. Indeed, mice given pTet- 
on-TGF-pi without doxycycline, mock pTet-on without doxycycline, and pTet-on with 
doxycycline exhibited severe colitis, marked by transmural leukocyte infiltration, loss of 
goblet cells, and severe thickening of tihie colonic walls. Mice given pTet-CMV-TGF-pi 
10 anddoxycyclinewmprunarily graded at low levels of inflammation. Indeed, these 

animals exhibited normal colonic histopatibiology, except for a slight fbicksamg of flie 
serosal connective tissue. 



IS The results of &is experiment demonstrate two important findings. The first is 

that the plasmid pTetCMV-TGF-pi allows inducible control of tiie expression of the 
TGF-pl gene. Expression of the gene can be turned on at will by the adnunistration of 
doxycycline. Second, not only can the expression of TGF-pl prevent colitis when given 
concurrently with TNBS (shown in Example 3), the expression of TGF-pi can also 

20 prevent the onset of colitis when given before TNBS. 




30 
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EXAMPLES 

pTetCMV-TGF-iSl Induces T-Celb to Secrete High Levels of TGF-jSl 
In this Exainple, experiments to detennine cytokine secretion by splenic 
lymphocytes &om the mice of Example 7 are described. The secretion of TGF-pl was 
5 assayed in mice not treated with doxyc/cline as well as mice treated with doxycycline. 

Splenic T-cells were isolated by methods described in the art (Boirivant et al, J. Exp, 
Med., 188:1929 [1998]). Spleens wctc aseptically removed. Cells were dispersed in IX 
PBS by applied pressure to spleen tissue. The dispersed splenocytes ware then filtered 
flirough a 100 filto: and dq)leted of RBCs by hypotonic lysis with ACK lysing 

10 buffer (Biofluids Inc) using standard methods. The cells w^e then resuspended in 100% 

PercoU, layered underneath a 40% Fercoll gradient (Pharmacia Biotech) and spun at 1800 
rpm to obtain the lymphocyte-emiched population accumulating at the 40-100% inter&ce. 
T-cells were further purified usmg mouse CD4^ T-cell purification columns (R&D). The 
resultant cell populations were shown by flow c^ometry (FACScan; Becton Dickinson) 

15 to contain greater than 90% CD4+ T-cells. TGF-pi secretion was measured as described 

in Example 6. Secretion was measured in both unstimulated and anti-CD3/CD28 
stimulated T-cells. 

The results are shown in Figure 9. As indicated, the mice given doxycycline 
produced a large amount of TGF-pi, while those not given doxycycline produced limited 
20 amounts. This experiment directly dmonstrates that the intranasal administration of 

pTetCMV-TGF-pi followed by induction of expression by doxycycline results in the 
secretion of TGF-pl by spleen T-cells. 



25 EXAMPLE 9 

Es^ression of /9-Galactosidase 
This Example demonstrates that the vectors described above can be used to 
monitor the expression of a reporter gene, (e.g, p-galactosidase), in host tissues of mice 
with TNBS colitis given pCMV-P-Gal intranasally. Confocal immunofluorescence was 
30 used to detect the presence of p-galactosidase and CD3+, C334+, or CDllb+ (ie,, 

markers for T-cells or macrophages) in tissue sauries. 
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Colitis was iaduced in mice as described in Example 3. Mice were given 100 fig 
of pCMV-p-Gal (pCMV-TGF-p (Example 1) with the p-galactosidase gene replacing 
TGF) intranasally and sacrificed 5-7 days later. 

Spleen and colon tissues were isolated and put into OCT conq)ound on dry ice, 
and 5-jim cryosections were cut. Dual immunofluorescence was performed to determine 
co-localization of intracellular p-galactosidase and cell surface markers as follows. 
Sections were fixed in cold acetone and then rehydrated in PBS, then the sections were 
exposed to 5% goat serum and hamster anti-Fc hlocking mAb (1:100 dilution, 
Pharmingen) in PBS for 20 min to block non-specific antibodies of fluorochrome. The 
sections were then treated wift rabbit anti-p-galactosidase antibody (1:1000 dilution, 
Chemicon) for 40 min, followed by treatment with Texas Red-conjugated goat-anti rabbit 
antibody (Jackson Dnmuno) and FTTC-conjugated anti-CD3 for 40 min; 4). Finally, 
sections were mounted and analyzed by Confocal immunofluorescence using a Leica 
TCS-NT/SP confocal microscope (Leica Microsystems) using a 40x objective, NA 1.2. 
Fluorochromes were excited using an argon laser at 488nm for FTIC, and a krypton lasCT 
at 568mn for Texas Red. DIC images w^e collected simultaneously with the 
fluorescence hnages using the transmitted light detector. Images were processed using 
tiie Leica TCS-NT/SP software (version 1.6.551). 

The results show that p-galactosidase was detected in CD3+CD4+ T-cells in 
^leen and CD3+ T-cells and CDl lb+ macrophages in the colon. This experiment 
demonstrates that genes are e^qnressed firom the vectors of the current invention in sple^ 
and macrophage cells. 

EXAMPLE 10 
pTet-on-TGF-/31 In Vitro Transfection and 
Western Blotting of rtTA 

In this Example, experiments involvmg the in vitro transfection of pTet-on-TGF- 
pi and Westem blotting of rtAT are described. pTet-on-TGF-pi was transfected into 
COS-7 cells using lipofectamine 2000 (Life Technologies) diluted in optiMEM I (Life 
Technologies), and cultured in 5 ml Ixove's MEM containing 3% FCS, with or without 
doxycycUne (1 ng/ml), in 60 mm culture dishes. Three days after transfection, the 
supernatant present in each dish was collected and the amount of active TGF-pi in the 
supernatant was assayed by ELIS A. 
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At fhe same time, COS-7 cell lysates wesre prepared by e3q)osing the cells to 10 
mM Tris-HCl/150 mM NaQ buffer containing 1% Nonidet P-40, protease inhibitor 
cocktail (Boehringer Mannheim), and 0.5% sodium deoxycholate. Pre-detemiined equal 
amounts of fhe cell lysates obtained w«:e loaded onto 10% SDS-PAGE gels, subjected to 
electrophoresis, and transferred onto Hybond ECL nitrocellulose membranes (Amersham 
Pharmacia Biotech.). The membranes were blocked wifli TBS buffer containing 5% milk 
and 0.05% Tween-20, and incubated for 3 hours with 1:200 diluted rabbit anti-VP16 
(Clontech), which recognizes the VP16 domam of rTA protein. The membranes were 
washed three times with 0.1% Tween-TBS, and incubated wifli secondary antibody 
(1:1000 diluted peroxidase-conjugated anti-rabbit IgG) for 1 hour. After washing 3 
tunes, bound anti-VP16 was visualized using flie BCL Plus kit (Amersham Phaimacia 
Biotech.). 

EXAMPLE 11 

DoxycyeUne Induction of TGF-/31 by Intranasal Administration of 
pTet-CMV-TGF-iSl In Vivo 

In this Example, experiments conducted to assess doxycycline induction of TGF- 
pl by pTet-CMV-TGF"pl in vivo are described. pTet-CMV-TGF-pl was administered 
intranasally to test SJL/J mice (100 jxg/mouse). Beginning two days later, 500 fig 
doxycycline were given to each mouse for four days by intraperitoneal injection. Each 
day after cessation of doxycycline administration and \sp to four fialher days, tiie mice 
were sacrificed in order to obtain splenocytes for culture wifli immobilized anti-CD38 
and soluble anti-C3)28, to assess their ability to produce active TGF-pl. After sacrifice, 
spleen mononuclear cells wore stimulated with anti-OD8/anti-CD28 without doxycycline 
for 60 hours m vitro, and assessed by ELIS A. 

As shown in Figure 10, two days after cessation of doxycycline administration, 
cells fix)m mice given pTet-C3MV-TGF-pi plus doxycycline (DOX), produced massive 
amounts of TGF-pi (8,600 to 14,800 pg/ml), whereas cells from mice given an equal 
dose of non-regulatable TGF-pi plasmid (pCI-TGF-pi) produced considerably lower 
amounts of TGF-pl (700 to 4,600 pg/ml). Since preliminary experiments indicated that 
the presence of doxycycline in the cultures did not influmce TGF-pi production by 
cultured splenocytes, doxycycline was not added to the cultures. Thus, the production of 
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TGF-pi by cells following stimulation in vitro represented TGEF-pl induced by 

doxycycline in vivo. 

As also shown in Figure 10, Hie production of TGF-pl by splenocytes quickly 
returned to baseline levels three to four days afta: cessation of doxycycline 

5 administration, as conq)ared to production by splenocytes from mice that continued to 

receive doxycycline, or as compared to production by splenocytes from mice that 
received non-regulatablepa-TGF-pi. Taken together, these results indicate fliat TGF- 
pl production induced by giving intranasal pTet-on-TCT-pl (ic, pTet-CMV-TGF-pi) is 
ti^tly controlled by doxycycline administration in vivo. In addition, these results show 

10 that mice administered pTet-CMV-TCF-pl exhibit essentiaUy no TGF-pl production in 

vivo in the absence of doxycycline. Altiiough an understanding of the mechanism is not 
necessary in order to use the preset inv^tion and it is not intended that the present 
invention be limited to any particular mechanism, it is believed that these results are 
probably due to the fact tiliat in the plasmid construct used, the two transcription units 

15 (rtTA-V16 and TGF-pi) are oriented in the opposite directions and flanked by poly A 

sites in botti ends. Thus, non-TRE-driven TGF-pl mRNA transcription leaking from the 
plasmid is subtracted by constitutive transcription of rtTA-RNA dnvea by the CMV 
promoter in tlie opposite directions. 

In additional raqieriments, the effect of interrupted doxycycline administration on 

20 TGF-pi production was examined in order to determine whether plasmid-derived TGF- 

pl production can be restored following initial doxycycline witiidrawal. As indicated m 
Figure 11, 3 days after administration of doxycycline to mice previously administered 
intranasal pTet-on-TGF-pl, splenocytes produced large amounts of TGF-pi. However, 3 
days later, aft^ cessation of doxycycline administration, production of TGF-pi had fallm 

25 to baseline levels. Then, after 3 further days of doxycycline administration, cells a^ 

produced considcarable amounts of TGF-pl, while ceUs from mice not givm a second 
doxycycline dose produced no TGF-pl. This on-off-on do^q^cyclme administration 
schedule, which leads to serial induction and cessation of TGF-pi production provides 
further proof that the administration of pTet-on-TGF-pi is mdeed regulatable by 

30 doxycycline in vivo. 
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EXAMPLE 12 
Treatment Effect of pTet-OfV-TGF-jn in 
Established TNBS-Colitis 

In this Example, experiments conducted to determine whe&er colitis could be 
reversed are described. In these experiments, the effect of intranasally administered 
pTet-CMV-TGF-pi on TNBS-colitis was examined. Thus, SJL/J mice were administered 
TMBS per rectum (1.5 mg^ouse) to induce TNBS-colitis, as described above. At day 7 
after establishment of colitis, the mice received a single dose of intranasal pTet-CMV- 
TGF-pl, along with five consecutive daily injections of doxycycline (500 |ig/day) by 
intr^eritoneal injection. As oolitic noice refused water containing doxycycline and use 
of doxycycline-containing food does not allow an accurate assessment of doxycycline 
consumption, intraperitoneal administration of doxycycline was used. In addition, 
intraperitoneal administration of doxycycline allows observation of wasting due to colitis, 
not refiisal of food or water. 

Each groiq) of IS mice were administered TNBS at day -7, then treated with or 
without intranasal pTet-CMY-TGF-pl (100 ^ig/mouse) at day -2, followed by 
intraperitoneal injection of doxycycline (500 ng/day), started at day 0, for 4 or 5 days. 
Weight changes of mice in one experiment (mean ± SD), representative of three 
independent experiments are indicated in Figure 12, In Figure 12, the open circles (o) 
indicate pTet-CMV-TGF-pI plus doxycycline, while the filled circles (•) indicate 
doxycychne alone. As shown in Figure 12, mice treated with intranasal pTet-CMV- 
TGF-pi plus doxycycline manifested a strikmg reversal of weight loss, accoiq)anied by 
an improvfflient m coat appearance, activity, and almost complete resolution of 
macroscopic and microscopic evidence of colitis. Thus, the lack of weight loss in Ibis 
groiq> correlated with histologic examination of colonic tissue. Splenocytes from mice 
treated wifli pTet-CMV-TGF-pl plus doxycycline exhibited decreased IFN-^ and IL-12 
production, as cornpared to mice not given doxycycline. In addition, intranasal 
administration of pTet-CMV-TGF-pl plus doxycycline led to greafly increased TGF-pl 
production. In parallel with results obtained during administration of pTet-CMV-TGF-pl 
with doxycychne to mice during initial induction of TNBS-coKtis, administration of 
plasmid in estabhshed coUtis led to LPMC manifesting increased IL-10 production 
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EXAMPLE 13 
Bleomycin Treatment, Fibrosis Induction and Assessment 

In this Example, experiments were conducted using C57BL/6J mice anesthetized 
by intraperitoneal injection of 150 ml of a ketamine-HCl (Fort Dodge) and xylazine-HCL 
(Butler) combination diluted in PBS. Pulmonary fibrosis was induced in mice (6-8 
weeks old) by a single intra-tracheal instillation of bleomycin hydrochloride 
(Calbiochem), at a dose of 0.15 U in a final volume of 50 jil, using a 25 gauge needle. 
Concomitantly, mice received doxycycline (ip.) for 5 days subsequently to pTet-on-TGF- 
pi or pTet-mock intrapasal administration. Mice were maintained for 2-3 wedcs prior to 
sacrifice. 

Lungs were perfiised in situ through the right ventricle with saline, and then 
inflated and fixed with 10% bufifered formalin afi^ harvest fipom treated mice. Lungs 
were ligated at the bronchi, excised, finrOier fixed by immersion m 10% buffered 
formalin for at least 24 hours before para£Gn embedding, sectioning, and staining with 
hematoxylin and eosin (H&B) or trichrome. 

Alveolar thickness and fibrosis were scored in 10 random fields at three levels 
through each kmg, using methods known in the art (SeCy Ashcrofl, J. Clin. Pathol, 
41:467-470 [1988]), by a histopathologist blmded to the treatment groups (i.e., controls 
versus test animals). 

In addition, the total lung collagen content of treated animals was determined by 
assaying total soluble collag^o, usmg the Siicol Collagen Assay kit (Biocolor), according 
to the manufacturer's directions. Briefly, right lungs were harvested at day 14 to 21 after 
bleomycin administration and homogenized in 10 ml 0.5 M acetic acid containing about 
1 mg pepsm/10 mg tissue residue. Each sample was incubated for 24 hours at 4**C, with 
stirring. Aflar centrifiigation, 200 \xl of each supernatant was assayed. One milliliter of 
collagen-binding Shrcol dye reagmt was added to each sample and then mixed for 30 
minutes. After centrifiigation, the pellet was suspended in 1 ml of the alkali reagent 
included ia tiie kit, and read at 540 nm by a spectrophotometer. Add soluble Type I 
collagen sq)plied witii the kit was used to genorate a standard curve. Sircol dye binds 
specifically to hydroxyprolme (i.a, [Gly-X-Y]„ helical structures of Types I to V 
coUagens, and also possibly types VI to XIV. Smce all collagens contain about 14% 
hydroxyproline by weight, the collagen content values obtained with this method 
provides an indication of total collagen content. 
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At day 21 after instillation of bleomycin, yfbolt right lung cont^ts in mock 
vector treated Q)-Tet-on-mock) (Le., control) mice and bleomydn-challenged mice treated 
with or without pTet-CMV-TGF-pi and doxycycline were determined. As indicated in 
Figure 13, intranasal pTet-CMV-TGF-pl in combination of doxycycline (intraperitioneal) 
did not increase the collagen content in lungs. Indeed, the combination protected animals 
against the increase in collagen content typically observed in bleomycin-induced fibrosis. 
In this Figure, representative results are shown from three independent ej^erimaits 
consisting of 9 mice in each group. Statistical significance with pO.05 is indicated with 
an asterisk in this Figure. 



EXAMPLE 14 
Mefliod for Treatment 'of IBD Patients 
with Plasmids Expressing TGF-/3 
In this Example, methods for treating patients with IBD are described. It is 
contemplated that IBD in humans be treated with a TGF-p expressing plasmid such as 
pTet-CMV-TGF-pi . Patients with IBD are treated wifli 2-20 mg of plasmid 
adndnistered via the intranasal route by nasal spray or nebulizer of saline or in an 
organic solvent in which the DNA is dissolved. The plasmid DNA is administered either 
once or multiple times, as desired. The preferred outcome is a clinical effect in which 
substantial elimination of symptoms of IBD is obtained. If the preferred outcome is not 
obtained after a single dose of the plasmid, multiple doses are administered. High doses 
of plasmid DNA, such as 10-100 mg may also be administered if the preferred outcome 
is not obtained using the range described above. If symptoms of IBD re-occur (a non- 
desirable outcome), ttie plasmid is re-administered until substantial elimination of the 
symptoms results. In this mann^, tiie plasmid is re-administered when rek^se of 
symptoms occurs. 

In some embodiments, pTet-CMV-TGF-pi is intranasaUy administered in order to 
deliver a plasmid under the control of doxycycline. In this case, the patient is also 
treated with oral doxycycline in order to activate the plasmid. In separate studies, it was 
found that a dose of 100 jig doxycycline per mouse is sufficient to activate the Tet-on 
gene in a transgenic mouse lacking this gene. This dose is equival^t to human dose of 
100-200 mg/day. If this dosage is not effective, additional ranges may be contenqilated, 
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including, but not limited to 150-300 mg/day. In addition, due to the inducibility of the 
pTet-CMV-TGF-pi, e3q)ression of the vector can be "turned on and ofP by adnunistering 
doxycycline when expression is desired. 

The methods and compositions of the present invention are not limited to the 

5 treatment of IBD. Indeed, it is contemplated that die methods and compositions of the 

preset mvention will find use in the treatm^t of various other diseases. In particular, it 
is ccxQtemplated that ttie present invention will find use in the treatment of various 
diseases with an autoimmune component Diseases contemplated mclude, but are not 
limited to, multiple sclmsis, ifaeumatoid arthritis, systemic liq)us ^Tthematosus, insulin- 

10 dq)endent diabetes mellitus, sarcoidosis, and psoriasis. 

All publications and patents mentioned in flie above specification are herein 
incorporated by reference. Various modifications and variations of the described 
compositions and methods of the invention will be qjparent to those skilled in the art 
without departing from die scope and ^irit of the invention. Although the invmtion has 

15 been described in connection with q)ecific preferred embodiments, it should be 

understood that the uivention should not be unduly limited to such specific embodiments. 
Indeed, various modifications of the described modes for carrying out the invention 
which are obvious to those skilled in medicine, pharmacology, histology, diagnostics, and 
molecular biology or related fields are intended to be within the scope of the following 

20 claims: 
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CLAIMS 

We claim: 

1. A composition comprising a vector, wherein said vector further comprises 
a gene encoding a regulatory transcription factor which is under the control of a jBrst 
promoter and a nucleic acid sequence of SBQ ID N0:1, wherein said nucleic acid 
sequence is under the control of a second promoter. 

2. The composition of Claim 1, wherein said first promoter comprises a 
CMV promoter. 

3. The composition of Claim 1, wherem said second promoter is inducible 
and comprises a TRE-CMV promoter. 

4. A composition comprising a cell which contains the vector of Claim I. 

5. A composition comprising a vector wherein said vector further comprises a 
gene encoding a regulatory transcription factor which is under the control of a first 
promoter and a nucleic acid sequence selected fi:om the group consisting of SEQ ID 
NO:l, variants of SEQ ID N0:1; and homologs of SEQ ID NO:l wherein said nucleic 
acid sequence is under the control of a second promoter. 

6. The composition of Claim 5, wherem said first promoter comprises a 
CMV promoter. 

7. The composition of Claim S, \;^erem said second promote is inducible 
and comprises a TRE-CMV promoter. 

8. A composition comprising a cell which contains the vector of Claim 5. 
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9. A method for e3q[)ression of a polypq>tide coinprimig: 

a) providing: 

i) a vector comprising a gene encoding a regulatory 
transcription factor which is under the control of a first promoter and a 
nucleic acid sequence selected from the group consisting of SEQ ID N0:1, 
variants of SEQ ID N0:1, and homologs of SEQ ID N0:1, wherein said 
nucleic add sequence is under the control of a second promoter, and 
ii) a cell; and 

b) transfecting said cell with said vector under conditions such lhat 
expression of said polypeptide encoded by said nucleic acid sequence 
results. 

10. The method of Claim 9, wherdn said &st promoter comprises a 
promoter. 

1 1. The method of Qaim 9, wherein said second promoter is inducible and 
comprises a TRE-CMV promote:. 

12. The method of Claim 9, wherein said cell is part of a host 

13. A method for expression of a polypeptide comprising: 

a) providing: 

i) a vector comprising a gene encoding a regulatory 
transcription &ctor which is under the control of a fixst promoter 
and a nucleic acid sequence selected from the groi^ consistmg of 
SEQ ID N0:1, variants of SEQ ID N0:1, and homologs of SEQ 
ID NO:l, wherein said nucleic add sequence is undor the control 
of a second promoter; and 

ii) a host; and 

iii) a delivery system; and 

b) deUvering said vector to said host using said delivery system under 
conditions such that e?q)ression of said polypeptide encoded by said 
nucleic acid sequence results. 
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The method of Claim 13, ^erem said first promoter comprises a CNfV 



15. The method of Claim 13, wherein said second promoter is inducible and 
comprises a TRE-CMV promoter. 

16. The me&od of Claim 13, wh^iein said delivezy system comprises 
intranasal administration. 

17. The method of Claim 13, wherein said host is suspected of having an 
automunune disease. 

18. The method of Claim 17, wherein said autoimmune disease is IBD. 

19. The method of Claim 17, wherein said delivery of said vector results in 
substantial elimination of symptoms of said autoimmune disease. 

20. The method of Claim 17, wherein said delivery of said vector results in 
the increased production of IL-10 by the host 

21. A composition conxprising a vector, wherein said vector conq)rises a gene 
encoding a regulatory transcription &ctor which is under the control of a first promoter, 
and a gene encoding a TGF-P polypeptide which is under the control of a second 
promoter, wherein said second promoter is inducible. 

22. The conQ)osition of Claim 21, wherein said second promoter comprises a 
TRE-CMV promoter. 

23. The composition of Claim 21, wherein said transforming growth fector 
beta polypeptide is selected fi^om the group consisting of TGF-pl, TGF-p2, TGF-P3, 
variants of TGF-pi, TGF-P2, and TGF-P3, and homologs of TGF-pl, TGF-P2, and 
TGF-P3. 
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24. The con^osition of Claim 23, wh^ein said second promoter comprises a 
TRE-CMV promoter. 



25. The composition of Qaim 21, wherein said gene encoding a TGF-P 
polypeptide encodes a variant of transforming growth factor beta-l» and has the nucleic 
acid sequence set forth in SEQ ID NO:L 

26. The conqposition of Claim 25, wherein said second promoter comprises a 
TRE-CMV promoter. 

27. A composition comprismg a host cell, wherein said host cell contains the 
vector of Claim 21. 

28. A composition comprising a host cell, wherein said host cell contains the 
vector of Claim 23. 

29. A composition comprising a host cell, wherein said host cell contains the 
vector of Claim 25. 

30. A method for the expression of a polypeptide ^coding a TGF-P 
polypeptide comprismg fte steps of: 

a) providing: 

i) a vector, wherein said vector comprises a gene encoding a 
regulatory transcr^tion &ctor whidi is under the control of a first 
promoter, and a gene ^coding a TGF-P polypeptide which is 
under the control of a second promoter, \^erein said second 
promoter is inducible, 

ii) a host, and 

iii) a delivery system; and 

b) delivering said vector to said host using said delivery system under 
conditions such that egression of said gene encoding a TGF-p 
polypq)tide occurs. 
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31. The mettiod of Claim 30, wherein said second promoter comprises a TBE- 
CMV promoter. 



32. The method of Claim 30, wherein said gene encoding a TGF-p 
polypeptide encodes a variant of TGF-pl and has the nucleic acid sequence set forth in 
SEQ ID N0:1. 

33. The method of Claim 30, wherem said TGF-p polypeptide is selected &om 
the groiq) consisting of TGF-pl, TGF.p2, TGF-p3, variants of TGF-pl, TGF-P2, and 
TGF-P3, and homologs of TGF-pi, TGF-p2, and TGF-p3. 

34. The method of Claim 33, \i^erem said second promote: comprises a TRB- 
CMV promoter. 

35. The method of Claim 33, wherem said gene encoding a transforming 
growth factor beta polypeptide encodes a variant of TGF-pl and has the nucleic add 
sequence set forth in SEQ ID N0:1. 

36. The method of Claim 35, wherein said second promote comprises a TRB- 
CMV promoter 

37. The method of Qaim 30, wherem said expresdon of said gene results in 
the production of high levels of IL-IO by the host 
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FIGURE 1 



BqHI Kpnt 1 25XCMI1I 
1 MMCKsGTICCSAfi XT6 6C6 at ICS 6GG CFB C66 CTC TTO CCG aG CW CT6 COS CT6 CTC IG6 CTG CTA €T6 CT6 AC$ CCI «GC CGQ CC6 
Hct Pro Ser 6ty teu JlTQ Uu Uu Pro leu ttu tftd Pro l%u Uu Trp Ico ttu V«1 tcu Thr Pro Gly Ar^ Pro 



94 QOCCCCj 



^ SO Hindi II 

. OAfC ATC fiAC ATG GAS CTG GfG AAQ C&G AAQ CGC ATC GA6 GCC AH CGC 6GC CA6 AH CTG XCC AAG 
» CyHhr lie Asp Het 61o Uu Val Lys Am Lys Aro lU Gla AU lU Arg 61y Gin lie Lou Ser lys 

184 m C£6 CU: €CC AGC CO: CC& AfiC CA6 CG6 6AC &7G CCG CCC C6C Ca m CCT 6AG Ca GU CTG GCT CTT TAC AAC A6T ACC C6C GAC 
teu Ara Ito AU Ser Pro Prs Ser Gin 6ly Asp Val Pro Pro Gly Pro Uo Pro Glo AU V4I Uo AU Leu Tyr Asa Str Thr^r^ Asp 

100 

274 C6G 6TA GCC GGG GAA Aa GTC GAA CCG GAG CCC GAB CCA 6A6 6CG Gi^ TA£ TAC GCC AA6 GA6 GTC Aa C6C 6T6 m 

Art Val Ata 61y filu Ssr Val 61a Pro Qltf Pro Glu Pro filu AlA Asp Tyr Tyr AU lis Gin Vdl Tnr Arg VaI Leo Ket Vat Gtu Ser 



}2S )iu 
3S4 GGC AAC CAA ATC TAT GAT AAA TIC AAG GGC ACC CCC CAC AGO TTA TAT ATG CTG TTC AAC ACS TCG GA< CTC C6G GAA GC6 GTG CCG GAA 
Gly Asn Gin tie Tyr Asp lys Phe lyt Gly Thr Pro His Scr Leo Tyr Het Leu Phe Asn Thr Ser 6ld Lev Arg Glu AU VaT Pro Glc 



ISO 

4S4 CCT 6TA TTB CTC TCT 



175 

CGG GCA 6AS CTG CGC aG CTG AfiS CTC AAG HA AAA GTG GAS OC CAC 6TG GAS CTA TAC CAfi AAA TaC ACC AAT 

Pro Vat leu Leu Ser Arg AU Glu leu Ar^ Leu Lett Arg leu lys Leu Lys Val Gtu GU His Val g:ii Leu Tyr GU Lys Tyr Scr Asr 

200 

S44 GAT TCC TCG CGC TAC CIC AGC AAC CGG CTG CTG GCC CCC AGT GAC TCA CC6 GAG TGG CTG TOC tH GAT GTC ACC GGA 6TT 6TG C66 CAS 
Asp Ser Tfp Arj Tyr leu Scr Asn Arg leu Leu Ala Pro Ser A^ Ser Pro $lu Trp leu Ser the Asp Vat thr 61y Val Vat Arg Gin 

>4 TG6 CTG AO: Cec A6A m 6CT ATA 6A5 GGT TTT CGC CTC ACT eo: CAC TCT TCC TCT GAC AGC AAA 6J;T AAC ACA CTC CA^ 
- Trp Leu Thr Ar« Arg Gtif Ata tie Ghi Gly Pfia Arg Leu Ser AU HU S^r Scr Ser A»p Scr Lys Asp Asn Ihr Leu His Val Glu tU 

250 

724 AAC G6G nC AAT TCT GGC CGC CG6 G6T GAC CTG GCC ACC'aTT CAC GGC ATG AAC COS CCC HC CTG CTC CTC ATG GCC ACC CCG CTG GA5 
Asn Gly Phe Asa Ser Gty Arg Arg 61y Asp leu AU Thrite KIs 61y Ket Asn Arg Pro Phe Leo Lei leu Kst Ata Thr Pre Lets Glu 



27S 

814 A£G GCC CAG CAC CTG CAC AGC TCC CGG CIC car CGA 
Arg AU Gin HSs Leu Hia Ser Scr Arg His Arg Arg 



904 



9d4 



ICB< 



1174 



GCC CTG GAT ACC AAC TAC TGC TTC AGC TCC ACS GAG AAG AAC TGC TGC 6TG CGG 
AU leu Asp Thr Asn Tyr Cys Phe Str S*r Vr Glu Lys Asn Cys Cys Val Ar? 



300 



32S 

CAfi CTC TAC ATT 6*C TTC CGG AAfi 6AC CTG GGC TG6 AAG TGG AH CAT 6AA ac AAG GGG TAC CAT GCC AAT TTC TGC CTG GGG CCC TS. 
Gtfi Leu Tyr Ho Asp Phe Arg Lye Asp Leu Gly Trp Lys Trp lie His 6tu Pro Lys Gly Tyr His AU Asn Phc Cys Leu Gly Pro Cys 

SimI 3S0 

CCC TAC ATC TOG AGC CTA 6AC Aa CAG TAC AGC AAG CTC CTG €CT CTG TAC AAC CAG CAC am; CCG esc GCC T06 GCfi 606 

Pro Tyr tie Trp Ser Uu Asp Thr Gin Tyr Ser Lys Vat Leu Ata Leu Tyr Asn Gin HU Asa Pro 61/ Ata Ser AU Ata Pro Cys Cyj 

370 Pvvtt 

GTG CCG CAS GC6 CTG GAG CCA CTG CCC ATC $16 TAC TAC 6TG 6GC CGC AA6 CCC AA6 GIG SAG CAG VI TCC AAC ATG ATC GTG C6T TC;: 
Val Pro Gin AU leu GU Pco leu Pro lU V*1 Tyr Tyr Vat Gty Arg lys Pro Lys Val Glu Gin Im S«r Atn He t ite Vat Arg Ser 

390PvuII 
TGC AAG TGC AGC TGA 
Cys lys Cys Ser 



XCCCCGCCtCACCEGGGC-TATnAAGGACATCGTaCCCAAGCCCiC 



1290 TGGGATCGATTAAAGGTGGAOAGAGGAGGTACCAGATCr 
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FIGURE 4 
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FIGURE 6 
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FIGURE? 
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FIGURE 13 
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1 

1326 
DNA 

Sus scrof a 
CDS 

(16) . . (1185) 



<400> 1 

agatctggta ccgag atg gcg cct teg ggg ctg egg etc ttg ccg ctg ctg 51 
Net Ala Pro Ser Gly Leu Arg Leu Leu Pro Leu Leu 
15 10 

ctg cog ctg ctg tgg ctg eta gtg ctg acg cct ggc egg ccg gcc gcc 99 
Leu Pro Leu Leu Trp Leu Leu VclL Leu Thr Pro Gly Arg Pro Ala Ala 
15 20 25 

gga ctg tec acc tge aag acc ate gac atg gag ctg gtg aag egg aag 147 
Gly Leu Ser Thr Cys Lys Thr He Asp Met Glu Leu Val Lys Arg Lys 
30 35 40 

cgc ate gag gcc att cgc ggc cag att ctg tec aag ctt egg etc gcc 195 
Arg He Glu Ala He Arg Gly Gin He Leu Ser Lys Leu Arg Leu Ala 
45 50 55 60 

age ece ccg age cag ggg gac gtg ceg ccc ggc ccg ctg cct gag gee 243 
Ser Pro Pro Ser Gin Gly Asp Val Pro Pro Gly Pro Leu Pro Glu Ala 
65 70 75 

gta ctg get ctt tac aac agt acc cgc gac egg gta gcc ggg gaa agt 291 
Val Leu Ala Leu Tyr Asn Ser Thr Arg Asp Arg Val Ala Gly Glu Ser 
80 85 90 

gtc gaa ccg gag ccc gag cea gag gcg gac tac tac gee aag gag gtc 339 
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Val Glu Pro Glu Pro Glu Pro Glu Ala Asp Tyr Tyr Ala Lys Glu Val 
95 100 105 

acc cgc gtg eta atg gtg gaa age gge aae eaa ate tat gat aaa ttc 387 
Thr Arg VglL Leu Net Val Glu Ser Gly Asn Gin lie Tyr Asp Lye Phe 
110 115 120 

^^9 S9<^ ^ce cec cac age tta tat atg ctg ttc aac acg teg gag cte 435 
Lys Gly Thr Pro His Ser Leu Tyr Met Leu Phe Asn Thr Ser Glu Leu 
125 130 135 140 

egg gaa gcg gtg ccg gaa cet gta ttg etc tet egg gca gag ctg cgc 483 
Arg Glu Ala Val Pro Glu Pro Val Leu Leu Ser Arg Ala Glu Leu Arg 
145 150 155 

Ctg Ctg agg etc aag tta aaa gtg gag cag cac gtg gag eta tac cag 531 
Leu Leu Arg Leu Lys Leu Lys Val Glu Gin His Val Glu Leu Tyr Gin 
160 165 170 

aaa tac age aat gat tec tgg cgc tac etc age aae egg ctg ctg gee 579 
Lys Tyr Ser Asn Asp Ser Trp Arg Tyr Leu Ser Asn Arg Leu Leu Ala 
175 180 185 

cec agt gae tea ccg gag tgg ctg tec ttt gat gtc ace gga gtt gtg 627 
Pro Ser Asp Ser Pro Glu Txp Leu Ser Phe Asp Val Thr Gly Val Val 
190 195 200 

egg cag tgg ctg acc cgc aga gag get ata gag ggt ttt cgc etc agt 675 
Arg Gin Trp Leu Thr Arg Arg Glu Ala lie Glu Gly Phe Arg Leu Ser 
205 210 215 220 

gee cac tct tec tet gae age aaa gat aac aca etc cac gtg gaa att 723 
Ala His Ser Ser Ser Asp Ser Lys Asp Asn Thr Leu His Val Glu lie 
225 230 235 

aae ggg ttc aat tct gge cgc egg ggt gae ctg gcc acc att cac ggc 771 
Asn Gly Phe Asn Ser Gly Arg Arg Gly Asp Leu Ala Thr He His Gly 
240 245 250 

atg aac egg cec ttc ctg etc cte atg gcc acc ccg ctg gag agg gcc 819 
Met Asn Arg Pro Phe Leu Leu Leu Met Ala Thr Pro Leu Glu Arg Ala 
255 260 265 

cag cac ctg cac age tec egg cac cgc oga gcc ctg gat acc aac tac 867 
Gin His Leu His Ser Ser Arg His Arg Arg Ala Leu Asp Thr Asn Tyr 
270 275 280 

tge ttc age tec acg gag aag aac tgc tgc gtg egg cag etc tac att 915 
Cys Phe Ser Ser Thr Glu Lys Asn Cys Cys Val Arg Gin Leu Tyr He 
285 290 295 300 

gae ttc egg aag gae ctg ggc tgg aag tgg att cat gaa cec aag gge 963 
Asp Phe Arg Lys Asp Leu Gly Trp Lys Trp He His Glu Pro Lys Gly 
305. 310 315 

tac cat gcc aat ttc tgc ctg ggg cec tgt cec tac ate tgg age eta 1011 
Tyr His Ala Asn Phe Cys Leu Gly Pro Cys Pro Tyr lie Trp Ser Leu 
320 325 330 

gae act cag tac age aag gtc ctg get ctg tac aac cag cac aae ccg 1059 
Asp Thr Gin Tyr Ser Lys Val lieu Ala Leu Tyr Asn Gin His Asn Pro 
335 340 345 

gge gcg teg gcg gcg ccg tgc tgc gtg ccg cag gcg ctg gag cca ctg 1107 
Gly Ala Ser Ala Ala Pro Cys Cys Val Pro Gin Ala Leu Glu Pro Leu 
350 355 360 

cec ate gtg tac tac gtg ggc cgc aag cec aiag gtg gag cag ctg tec 1155 



wo 01/81404 PCTAJSOl/12980 

Pro He Val Tyr Tyr Val Gly Arg Lys Pro Lys Val Glu Gin Leu Ser 
365 370 375 380 

aac atg ate gtg cgt tec tgc aag tgc age tgagccccgc cccgcccaca 1205 
Asn Met He Val Arg Ser Cys Lys Cys Ser 
385 390 

gccccgccca cccggcaggc ccggccccac ccccgcccgc ctcaccgggg ctgtatttaa 1265 

ggacatcgtg ccccaagccc actgggatcg attaaaggtg gagagaggag gtaccagatc 1325 

t 1326 

<210> 2 

<211> 390 

<212> PRT 

<213> Sub scrofa 

<400> 2 

Met Ala Pro Ser Gly Leu Arg Leu Leu Pro Leu Leu Leu Pro Leu Leu 
1 5 10 15 

Trp Leu Leu Val Leu Thr Pro Gly Arg Pro Ala Ala Gly Leu Ser Thr 
20 25 30 

Cys Lys Thr He Asp Met Glu Leu Val Lys Arg Lys Arg He Glu Ala 
35 40 45 

He Arg Gly Gin He Leu Ser Lys Leu Arg Leu Ala Ser Pro Pro Ser 
50 55 60 

Gin Gly Asp Val Pro Pro Gly Pro Leu Pro Glu Ala Val Leu Ala Leu 
65 70 75 80 

Tyr Asn Ser Thr Arg Asp Arg Val Ala Gly Glu Ser Val Glu Pro Glu 
85 90 95 

Pro Glu Pro Glu Ala Asp Tyr Tyr Ala Lys Glu Val Thr Arg Val Leu 
100 105 110 

Met Val Glu Ser Gly Asn Gin He Tyr Asp Lys Phe Lys Gly Thr Pro 
115 120 125 

His Ser Leu Tyr Met Leu Phe Asn Thr Ser Glu Leu Arg Glu Ala Val . 
130 135 140 

Pro Glu Pro Val Leu Leu Ser Arg Ala Glu Leu Arg Leu Leu Arg Leu 
145 150 155 160 



Lys Leu Lys Val Glu Gin His Val Glu Leu Tyr Gin Lys' Tyr Ser Asn 
165 170 175 
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Asp Ser Trp Arg Tyr Leu Ser Asn Arg Iteu Leu Ala Pro Ser Asp Ser 
180 185 190 

Pro Glu Trp Leu Ser Phe Asp Val Thr Gly Val Val Arg Gin Trp Leu 
195 200 205 

Thr Arg Arg Glu Ala lie Glu Gly Phe Arg Leu Ser Ala His Ser Ser 
210 215 220 

Ser Asp Ser Lys Asp Asn Thr Leu His Val Glu lie Asn Gly Phe Asn 
225 230 235 240 

Ser Gly Arg Arg Gly Asp Leu Ala Thr lie His Gly Met Asn Arg Pro 
245 250 255 

Phe Leu Leu Leu Met Ala Thr Pro Leu Glu Arg Ala Gin His Leu His 
260 265 270 

Ser Ser Arg His Arg Arg Ala Leu Asp Thr Asn Tyr Cys Phe Ser Ser 
275 280 285 

Thr Glu Lys Asn Cys Cys Val Arg Gin Leu Tyr lie Asp Phe Arg Lys 
290 295 300 

Asp Leu Gly Trp Lys Tip lie His Glu Pro Lys Gly Tyr His Ala Asn 
305 310 315 320 

Phe Cys Leu Gly Pro Cys Pro Tyr lie Trp Ser Leu Asp Thr Gin Tyr 
325 330 335 

Ser Lys Val Leu Ala Leu Tyr Asn Gin His Asn Pro Gly Ala Ser Ala 
340 345 350 

Ala Pro Cys Cys Val Pro Gin Ala Leu Glu Pro Leu Pro lie Val Tyr 
355 360 365 

Tyr Val Gly Arg Lys Pro Lys Val Glu Gin Leu Ser Asn Met lie Val 
370 375 380 

Arg Ser Cys Lys Cys Ser 
385 390 

<210> 3 

<211> 22 

<212> DNA 

<213> A2±if icial Sequence 
<220> 

<223> Synthetic 
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<400> 3 

agaagttggt cgtgaggcac tg 22 
<210> 4 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Synthetic 
<400> 4 

gagctccgac gtgttgaaca g 
<210> 5 
<211> 24 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Synthetic 
<400> 5 

gtcttcacca ccatggagaa ggct 24 
<210> 6 
<211> 23 
<212> DNA 

<213> Asrtificial Sequence 
<220> 

<223 > Synthetic 
<400> 6 

catgccagtg agcttcccgt tea 23 



